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GENE DELIVERY SYSTEM AND METHODS OF USE 

CROSS REFERENCE TO RELATED APPLICATIONS 

This application is a Continuation-in-part Application of 
Serial No. 09/409,650, filed October 1, 1999, which claims 
priority from Provisional Application Serial No. 
60/102,933, filed October 1, 1998, to which application a 
priority claim is made under 35 U.S.C. §119 (e). The 
related applications are incorporated by reference herein 
in their entirety. 

FIELD OF THE INVENTION 

The present invention relates generally to the field of 
viral vectors and specifically to a novel recombinant 
replication competent retrovirus useful for the transfer 
and expression of nucleic acid sequences in a targeted 
cell. 

BACKGROUND OF THE INVENTION 

The development of genetic vectors has heralded the fast- 
growing field of somatic gene transfer. (Anderson, W.F., 
Science, 1984, 226:401-409). Vectors based on simple 
retroviruses, such as the Moloney Leukemia Virus (MoMLV) , 
are often selected because they efficiently integrate into 
the genome of the target cell. Integration is thought to 
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be a prerequisite for long-term expression of the 
transduced gene. However, efficient gene transfer to 
tumor tissue has been a major impediment to treatment of 
cell proliferative disorders despite the use of viral 
vectors such as retroviruses . 

In the early steps of infection, retroviruses deliver 
their nucleoprotein core into the cytoplasm of the target 
cell. Here, reverse transcription of the viral genome 
takes place while the core matures into a preintegration 
complex. The complex must reach the nucleus to achieve 
integration of the viral DNA into the host cell 
chromosomes- For simple retroviruses (oncoretroviruses) , 
this step requires the dissolution of the nuclear membrane 
at mitotic prophase, most likely because the bulky size of 
the preintegration complex prevents its passive diffusion 
through the nuclear pores because there are no nuclear 
localization signals to facilitate active transport into 
the nucleus. 

Currently retroviral vectors used for human gene therapy 
are replication-defective and must be produced in 
packaging cells, which contain integrated wild type virus 
genome sequences and thus provide all of the structural 
elements necessary to assemble viruses (i.e., the gag, 

pol, and env gene products) , but cannot encapsidate their 
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own wild type virus genomes due to a deletion of the 
packaging signal sequence (psi) • Replication-defective 

virus vectors created by removal of the viral structural 
genes and replacement with therapeutic genes are 
introduced into the packaging cells; so long as these 
vectors contain the psi signal, they can take advantage of 
the structural proteins provided by the cells and be 
encapsidated into virion. However, after infection of a 
target cell, the vectors are incapable of secondary 
horizontal infections of adjacent cells due to the 
deletion of the essential viral genes. 

The use of replication-defective vectors has been an 
important safeguard against the uncontrolled spread of 
virus, as replication-competent retroviruses have been 
shown to cause malignancies in primates (Donahue et al . , 

J. Exp. Med., 1992, 176:1124-1135). However, replication- 
defective retroviral vectors are produced from the 
packaging cells at titers on the order of only 10 6 ~ 7 
colony- forming units (cfu) per ml, which is barely 
adequate for transduction in vivo. In fact, clinical 

trials for gene therapy of glioblastoma multiforme, a 
highly malignant brain tumor, have encountered major 
problems in achieving adequate levels of tumor cell 
transduction, and despite promising initial results in 
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animal studies (Culver et al., Science, 1992, 256:1550- 

1552) . In order to increase transduction levels as much 
as possible, instead of using a single shot of virus- 
containing supernatant, the virus packaging cell line 
PA317 itself was injected into the brain tumors to 
constitutively produce retrovirus vectors carrying the 
HSV-tk gene (Oldfield et al., Human Gene Therapy, 1993, 

4:39-69). Subsequently, the protocol was further modified 
to include a debulking procedure followed by multiple 
injection sites, as it was found that the virus vectors 
did not diffuse far enough from the site of initial 
injection. Despite these modifications, the transduction 
efficiency has been estimated to less than 1% of the tumor 
cell mass and any significant tumor destruction is 
presumed to be due to the potent bystander effect of the 
HSV-tk/ganciclovir treatment. Thus efficient transduction 
of cancer cells in a solid tumor mass represents a major 
problem for cancer gene therapy. 

Accordingly, there is a need for a gene transfer vector 
capable of high-level transduction in vivo, while limiting 

uncontrolled spread of replication-competent virus which 
could result in insertional mutagenesis and 
carcinogenesis . 
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SUMMARY OF THE INVENTION 

The present invention provides recombinant replication 
competent retroviral vectors for gene delivery. The 
vectors provide a high-level of transduction in vivo. The 

5 use of replication-competent vectors of the invention 

allow efficient in vivo transduction. The incorporation 

of cell -type targeting polynucleotide sequences into such 
vectors reduce or eliminate the native pathogenic 
, r potential of replication-competent retroviruses while 

J; 10 improving their target cell specificity. 

£■ 

s :; • 

p In one embodiment, the present invention provides a 

ry recombinant replication competent retrovirus having a 

si 

p retroviral GAG protein; a retroviral POL protein; a 

Lj:. 

N ! retroviral ENV protein; a retroviral genome comprising 

Mi 

p 15 Long-Terminal Repeat (LTR) sequences at the 5 1 and 3 1 ends 

p j 

of the retroviral genome, wherein a target specific 
polynucleotide sequence is contained within the LTR 
sequences at the 5 1 and/or 3 1 end of the retroviral 
genome, a heterologous nucleic acid sequence operably 
20 linked to a regulatory nucleic acid sequence; and cis- 

acting nucleic acid sequences, and sequences encoding 
proteins, necessary for reverse transcription, packaging 
and integration in a target cell. The target specific 
polynucleotide sequence of the retroviral vector can be a 
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tissue-specific promoter sequence, for example a sequence 
associated with a growth regulatory gene, such as, for 
example, probasin. To target the retrovirus to a specific 
cell or tissue the retrovirus ENV protein can further 
comprise a target-specific ligand sequence, which encodes, 
for example, an antibody, receptor, or ligand, such as, 
heregulin. 

In another embodiment, the present invention provides a 
recombinant retroviral polynucleotide sequence, having a 
polynucleotide sequence encoding a GAG protein; a 
polynucleotide sequence encoding a POL protein; a 
polynucleotide sequence encoding an ENV protein; a 
polynucleotide sequence comprising a Long Terminal Repeat 
(LTR) at the 5 ! and 3 f end of the retroviral 
polynucleotide sequence containing a target specific 
polynucleotide sequence at the 5 1 and or 3 1 end; a 
heterologous polynucleotides sequence operably linked to a 
regulatory nucleic acid sequence; and cis acting 
polynucleotide sequence, as well as sequences encoding 
proteins, necessary for reverse transcription, packaging 
and integration in a target cell. The target specific 
polynucleotide sequence is a cell- or tissue- specific 
promoter sequence such as, for example, one associated 
with a growth regulatory gene or one associated with a 
cancer marker (e.g., probasin) . The ENV sequence may be 
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further associated with a target-specific ligand 
polynucleotide sequence, for example a sequence encoding 
an antibody, a receptor (e.g., a hormone receptor), or a 

ligand, such as, for example, heregulin. 

5 In yet another embodiment, the present invention provides, 
a method of treating a subject having a cell proliferative 
disorder, by contacting the subject with a retrovirus, 
having a retroviral GAG protein; a retroviral POL protein; 
Jlj a retroviral ENV protein; a retroviral genome comprising 

J: 10 Long-Terminal Repeat (LTR) sequences at the 5 ! and 3 1 end 
J5: of the retroviral genome, wherein a target specific 

!T: polynucleotide sequence is contained within the LTR 

:L sequences at the 5' and/or 3 1 end of the retroviral 

H ! genome, a heterologous nucleic acid sequence operably 

M' 15 linked to a regulatory nucleic acid sequence; and cis- 

nj acting nucleic acid sequences, as well as sequence 

encoding proteins, necessary for reverse transcription, 
packaging and integration in a target cell. The target 
cell is preferably a cell having a cell proliferative 
20 disorder, such as a neoplastic cell. 



These and other aspects of the present invention will be 
apparent to those of skill in the art from the teachings 
herein. 
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BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 (A) is a schematic illustration of the structure 
of wild type (replication-competent) MoMLV retrovirus; 
LTR= long terminal repeat. (B) is a schematic 
representation of glZD-GFP and glZD-hygro, showing the 
sizes of the IRES-transgene cassettes and the site of 
their insertion into the wild-type MLV genome. Arrows 
indicate location of Nhel sites used to digest DNA for 

Southern hybridization analysis, and wavy lines indicate 
regions of the vectors probed in hybridization analysis. 
Also shown is the sequences of glZD-GFP and glZD-hygro at 
locations between env gene and IRES, IRES and GFP, and GFP 

and 3' LTR. Bold letters indicate start or stop codons 
present within the junctions. 

Figure 2 is a schematic illustration of the structure of 
the modified MoMLV-based vectors of the present invention. 
A) A schematic diagram of the structure of MoMLV-based 
replication-competent retroviral (RCR) vectors containing 
an internal ribosome entry site (IRES) . B) A schematic 
diagram of a targeted replication- competent retroviral 
vectors (RCRVs) . 

Figures 3 A and 3B are graphs depicting a reverse 
transcriptase assay of MoMLV-based RCR vectors spread 
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through NIH3T3 cells in culture. Mock= uninfected 
negative control; gIZAP = wild type replication- competent 
MoMLV virus; gIZD-gfp = replication-competent MoMLV virus 
with internal ribosome entry site IRES at 3 1 end of 
envelope gene and green fluorescent protein (GFP) 
transgene; gIZD-puro= replication-competent MoMLV virus 
with IRES at 3 1 end of envelope gene and puromycin 
resistance (PURO R ) transgene; gIZD-hygro= replication- 
competent MoMLV virus with IRES at 3 1 end of envelope gene 
and hygromycin resistance (HYGRO R ) transgene. Figure 3B 
shows a comparison of Replication Kinetcs of Replication- 
competent Vectors and Wild Type Mo-MLV in Cultured Cells, 

Figure 4 are graphs showing fluorescence-activated cell 
sorter (FACS) analysis of GFP expression from gIZD-gfp RCR 
vector spread at various time points (Day 3, Day 5, and 
Day 8) after initial infection. 

Figure 5 is a graph depicting the stability of GFP 
transgene expression from the replication- competent glZD- 
GFP vector over multiple serial passages. 

Figure 6 is a gel photo showing the stability of the 
replication-competent gIZD-GFP vector over multiple serial 
passages. Lane P is a control sample containing either 
gIZD-GFP (A) or glZD-hygro (B) plasmid DNA digested with 
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Nhel. The other lane numbers denote the serial passage 

number, (A) DNA from cells infected with glZD-GFP probed 
with the GFP cDNA (left) , and with the LTR-gag fragment 
(right) . (B) DNA from cells infected with glZD-hygro 
probed with the hygromycin resistance gene (left) , and 
with the LTR-gag fragment (right) . Intact, full length 
glZD-GFP is observed up to at least passage no. 11 (A, B) . 
As shorter deletion mutant appears in passage nos/ 7-8 
which then becomes the dominant form. N denotes lanes 
containing Hirt DNA isolated from uninfected NIH3T3 cells. 

Figure 7 is a schematic showing the experiment and results 
demonstrating the highly efficient intra-tumoral spread of 
the replication -competent glZD-GFP vector within a 
subcutaneously established breast cancer model. 

Figure 8 is a schematic of a recombinant retroviral vector 
of the invention containing a probasin promoter sequence. 

Figures 9A and 9B show the construction of a recombinant 
replication competent retrovirus of the invention targeted 
to prostate cancer cells 

Figure 10 depicts a strategy used for determining prostate 
cell -specif icity and androgen- inducibility of the 
probasin-LTR hybrid promoter. 
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Figure 11 shows the results of the assay depicted in 
figure 10. 

Figure 12 depicts a strategy used for examining 
transcriptional regulation of RCR vectors driven by the 
probasin-LTR hybrid promoter. 

Figure 13 shows the results of probasin-LTR driven 
androgen- responsive expression of the RCR vector GFP 
transgene after infection of TRAMP-C cells. 

Figure 14 shows the structure of RCR vectors with shorter 
IRES sequences. 

Figure 15 shows a comparison of GFP expression levels in 
cells infected with vectors utilizing three different IRES 
sequences . 

Figure 16 is a Southern Blot analysis of unintegrated 
proviral DNA from cultured cells serially infected with 
ZB-GFP (A) or ZV-GFP (B) . The probes used were for the 
LTR-gag region of Mo-MLV. 

Figure 17 is a schematic of Z-domain targeted RCR vectors. 
Both vectors contain 2 tandem copies of the Z domain of 
protein A within the PRR of the envelope gene. In ZE-GFP, 
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GFP translation is driven by the EMCV IRES, and in ZV-A- 
GFP by the VEGF IRES. 

Figure 18 is a schematic showing the envelope structure of 
RCR vectors containing anti-HER2 scFv. ss: signal 
sequence; SU: surface protein; RBD: receptor-binding 
domain; PRR: proline-rich region; C-SU: C-terminus of SU; 
TM: transmembrane protein; spacer: a synthetic 6 amino 
acid spacer. 

Figure 19 shows the procedure used for analysis of vector 
transmission in vivo. 

Figure 20 shows the spread of ZD-GFP through solid tumors 
in mice as detected by flow cytometry. 

Figure 21 shows Immunohistochemical staining of tumors 
injected with ZD-GFP, 

15 Figure 22A shows Southern blot analysis of genomic DNA 

from tumors injected with ZD-GFP using a random-primed 
radiolabeled probe for the GFP transgene sequence. 

Figure 22B shows a Southern blot analysis of genomic DNA 
from tumors injected with ZD-GFP using a random-primed 
20 radiolabeled probe for the MLV LTR-gag sequence. 
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Figure 23 shows an analysis of extratumoral spread of 
ZD-GFP by PGR amplification of GFP transgene from genomic 
DNA. 

Figure 24A shows the structure of wild type MLV LTR and 
synthetic, probasin promoter-derived ARR2Pb. Positions 
of TATA box in each sequence is indicated, as is location 
of duplicate androgen-responsive regions of ARR2Pb. 

Figure 24B shows the structure of amphotropic 
replication-competent vectors containing wild type LTR 
(ACE -GFP) and ARR2Pb- targeted LTR (ACE -GFP -At) . In 
ACE -GFP -At the MLV 3 1 U3 sequences between the Nhe I site 
and the TATA box are substituted with ARR2 Pb . 

Figure 25 shows the rationale for placing ARR2Pb in 3 1 U3 
region of vector plasmid. Transfected vector-encoding 
plasmid gives rise to RNA initiating at the 5 ! R region 
and terminating at the 3 ! R region. Reverse transcription 
of this RNA in transduced cells leads to the copying of 
the U3 region at the 3 ■ end of the RNA to both the 5 1 and 
3 ! LTRs in the resulting provirus. 

Figure 26 shows infection of LNCaP cells with 
ARR2Pb-targeted and untargeted amphotropic vectors. 
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Figure 27 shows infection of HeLa cells with 
ARR2Pb- targeted and untargeted amphotropic vectors. 

Figure 2 8A is a diagram showing the structure of targeted 
and untargeted vectors encoding a suicide gene. The GFP 
gene of pACE-GFP-At and pACE-GFP were replaced with the 
gene encoding PNP, generating pACE-PNP-At and pACE-PNP, 
respectively. 

Figure 28B shows in vitro cell killing by ARR2Pb- targeted 
and untargeted vectors encoding PNP and GFP. 

DETAILED DESCRIPTION OF THE INVENTION 

To facilitate understanding of the invention, a number of 
terms are defined below. 

"Polynucleotide" or "nucleic acid sequence" refers to a 
polymeric form of nucleotides at least 9 bases in length. 
By "isolated nucleic acid sequence" is meant a 
polynucleotide that is not immediately contiguous with 
either of the coding sequences with which it is 
immediately contiguous (one on the 5' end and one on the 
3 ' end) in the naturally occurring genome of the organism 
from which it is derived. The term therefore includes, for 
example, a recombinant DNA or RNA which is incorporated 
into a viral vector. The nucleotides of the invention can 

-14- 
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be ribonucleotides, deoxyribonucleoticies, or modified 
forms of either nucleotide. The term includes single and 
double stranded forms of DNA. 



The term polynucleotide (s) generally refers to any 
5 polyribonucleotide or polydeoxyribonucleotide, which may 
be unmodified RNA or DNA or modified RNA or DNA. Thus, 
for instance, polynucleotides as used herein refers to, 
among others, single -and double -stranded DNA, DNA that is 
H : a mixture of single- and double -stranded regions, single- 

O 10 and double -stranded RNA, and RNA that is mixture of 
W single- and double -stranded regions, hybrid molecules 

M comprising DNA and RNA that may be single -stranded or, 

* more typically, double -stranded or a mixture of single- 

and double -stranded regions. 

15 In addition, polynucleotide as used herein can also refer 

to triple -stranded regions comprising RNA or DNA or both 
RNA and DNA. The strands in such regions may be from the 
same molecule or from different molecules. The regions 
may include all of one or more of the molecules, but more 
20 typically involve only a region of some of the molecules. 

One of the molecules of a triple-helical region often is 
an oligonucleotide. 
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As used herein, the term polynucleotide includes DNAs or 
RNAs as described above that contain one or more modified 
bases. Thus, DNAs or RNAs with backbones modified for 
stability or for other reasons are "polynucleotides" as 
5 that term is intended herein. Moreover, DNAs or RNAs 

comprising unusual bases, such as inosine, or modified 
bases, such as tritylated bases, to name just two 
examples, are polynucleotides as the term is used herein. 

It will be appreciated that a great variety of 
10 modifications have been made to DNA and RNA that serve 

many useful purposes known to those of skill in the art. 
The term polynucleotide as it is employed herein embraces 
such chemically, enzymatically or metabolically modified 
forms of polynucleotides, as well as the chemical forms of 
15 DNA and RNA characteristic of viruses and cells, including 

simple and complex cells, inter alia. 

The present invention provides a recombinant replication- 
competent retrovirus capable of infecting targeted cells. 
The virus is useful for the in vivo and ex vivo transfer 

20 and expression of genes and nucleic acid sequences (e.g., 

in dividing and non-dividing cells) . In particular, the 
present retroviral vectors are useful in targeting 
specific cell types including, but not limited to, 
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neoplastic cells or cells having cell-prolif erative 
disorders . 



The present invention has many utilities. For example, 
the retrovirus and methods of the present invention can be 
5 used to provide a therapeutic product to a subject, for 

providing gene delivery of a non- therapeutic protein or a 
therapeutic protein to a subject, as well as in in vitro 

studies to provide a cell with a gene for expression of a 

~ gene product. Such in vitro methods are useful, for 

w 

r ; 10 example, in protein production and the study of regulation 

i' :: : 

yp and interaction of cis-acting products, and polypeptides. 

Hi 

B 

Q Retroviruses 

'f; Retroviruses are RNA viruses wherein the viral genome is 

G RNA. When a host cell is infected with a retrovirus, the 

ru 

15 genomic RNA is reverse transcribed into a DNA intermediate 
which is integrated very efficiently into the chromosomal 
DNA of infected cells. The integrated DNA intermediate is 
referred to as a provirus. The family Retroviridae are 
enveloped single- stranded RNA viruses that typically 

20 infect mammals, such as, for example, bovines, monkeys, 

sheep, and humans, as well as avian species. Retroviruses 
are unique among RNA viruses in that their multiplication 
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involves the synthesis of a DNA copy of the RNA which is 
then integrated into the genome of the infected cell. 

The Retroviridae family consists of three groups: the 
spumaviruses (or foamy viruses) such as the human foamy 
virus (HFV) ; the lentiviruses , as well as visna virus of 
sheep; and the oncoviruses (although not all viruses 
within this group are oncogenic) . The term "lentivirus" 
is used in its conventional sense to describe a genus of 
viruses containing reverse transcriptase. The lentiviruses 
include the "immunodeficiency viruses" which include 
human immunodeficiency virus (HIV) type 1 and type 2 (HIV- 
1 and HIV- 2) and simian immunodeficiency virus (SIV) . The 
oncoviruses are further subdivided into groups A, B, C and 
D on the basis of particle morphology, as seen under the 
electron microscope during viral maturation. A- type 
particles represent the immature particles of the B- and 
D-type viruses seen in the cytoplasm of infected cells. 
These particles are not infectious. B-type particles bud 
as mature virion from the plasma membrane by the 
enveloping of intracytoplasmic A- type particles. At the 
membrane they possess a toroidal core of ~75 nm, from 
which long glycoprotein spikes project. After budding, B- 
type particles contain an eccentrically located, electron- 
dense core. The prototype B-type virus is mouse mammary 
tumor virus (MMTV) . No intracytoplasmic particles can be 

-18- 
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observed in cells infected by' C- type viruses. Instead, 
mature particles bud directly from the cell surface via a 
crescent S C -shaped condensation which then closes on 
itself and is enclosed by the plasma membrane. Envelope 
glycoprotein spikes may be visible, along with a uniformly 
electron-dense core. Budding may occur from the surface 
plasma membrane or directly into intracellular vacuoles. 
The C-type viruses are the most commonly studied and 
include many of the avian and murine leukemia viruses 
(MLV) . Bovine leukemia virus (BLV) , and the human T-cell 
leukemia viruses types I and II (HTLV-I/II) are similarly 
classified as C-type particles because of the morphology 
of their budding from the cell surface. However, they also 
have a regular hexagonal morphology and more complex 
genome structures than the prototypic C-type viruses such 
as the murine leukemia viruses (MLV) . D-type particles 
resemble B-type particles in that they show as ring-like 
structures in the infected cell cytoplasm, which bud from 
the cell surface, but the virion incorporate short surface 
glycoprotein spikes. The electron-dense cores are also 
eccentrically located within the particles. Mason Pfizer 
monkey virus (MPMV) is the prototype D-type virus. 

Retroviruses are defined by the way in which they 
replicate their genetic material. During replication the 
RNA is converted into DNA. Following infection of the cell 
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a double- stranded molecule of DNA is generated from the 
two molecules of RNA which are carried in the viral 
particle by the molecular process known as reverse 
transcription. The DNA form becomes covalently integrated 
in the host cell genome as a provirus, from which viral 
RNAs are expressed with the aid of cellular and/or viral 
factors. The expressed viral RNAs are packaged into 
particles and released as infectious virion. 

The retrovirus particle is composed of two identical RNA 
molecules. Each wild- type genome has a positive sense, 
single-stranded RNA molecule, which is capped at the 5 f 
end and polyadenylated at the 3' tail. The diploid virus 
particle contains the two RNA strands complexed with gag 
proteins, viral enzymes (pol gene products) and host tRNA 
molecules within a "core 1 structure of gag proteins. 
Surrounding and protecting this capsid is a lipid bilayer, 
derived from host cell membranes and containing viral 
envelope (env) proteins. The env proteins bind to a 
cellular receptor for the virus and the particle typically 
enters the host cell via receptor-mediated endocytosis 
and/or membrane fusion. 

After the outer envelope is shed, the viral RNA is copied 
into DNA by reverse transcription. This is catalyzed by 
the reverse transcriptase enzyme encoded by the pol region 
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and uses the host cell tRNA packaged into the virion as a 
primer for DNA synthesis. In this way the RNA genome is 
converted into the more complex DNA genome. 

The double -stranded linear DNA produced by reverse 
5 transcription may, or may not, have to be circularized in 

the nucleus. The provirus now has two identical repeats at 
either end, known as the long terminal repeats (LTR) . The 
termini of the two LTR sequences produces the site 

N» recognized by a pol product - the integrase protein - 

D 

D 10 which catalyzes integration, such that the provirus is 
Ul always joined to host DNA two base pairs (bp) from the 

M< ends of the LTRs . A duplication of cellular sequences is 

W 

a seen at the ends of both LTRs , reminiscent of the 

aassj. 

y : integration pattern of transposable genetic elements. 

r-r* ; 

y, 15 Integration is thought to occur essentially at random 

jBSS. 

5 s ; within the target cell genome. However, by modifying the 

long-terminal repeats it is possible to control the 
integration of a retroviral genome. 

Transcription, RNA splicing and translation of the 
20 integrated viral DNA is mediated by host cell proteins. 

Variously spliced transcripts are generated. In the case 
of the human retroviruses HIV- 1/2 and HTLV-I/II viral 
proteins are also used to regulate gene expression. The 
interplay between cellular and viral factors is important 
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in the control of virus latency and the temporal sequence 
in which viral genes are expressed. 

Retroviruses can be transmitted horizontally and 
vertically. Efficient infectious transmission of 
retroviruses requires the expression on the target cell of 
receptors which specifically recognize the viral envelope 
proteins, although viruses may use receptor- independent , 
nonspecific routes of entry at low efficiency. In 
addition, the target cell type must be able to support all 
stages of the replication cycle after virus has bound and 
penetrated. Vertical transmission occurs when the viral 
genome becomes integrated in the germ line of the host. 
The provirus will then be passed from generation to 
generation as though it were a cellular gene. Hence 
endogenous proviruses become established which frequently 
lie latent, but which can become activated when the host 
is exposed to appropriate agents. 

Replication Competent Recombinant Retroviruses 

As mentioned above, the integrated DNA intermediate is 
referred to as a provirus. Prior gene therapy or gene 
delivery systems use methods and retroviruses that require 
transcription of the provirus and assembly into infectious 
virus while in the presence of an appropriate helper virus 
or in a cell line containing appropriate sequences 
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enabling encapsidation without coincident production of a 
contaminating helper virus. As described below, a helper 
virus is not required for the production of the 
recombinant retrovirus of the present invention, since the 
sequences for encapsidation are provided in the genome 
thus providing a replication competent retroviral vector 
for gene delivery or therapy. 

The retroviral genome and the proviral DNA of the present 
invention have at least three genes: the gag, the pol, and 

the env, which are flanked by two long terminal repeat 

(LTR) sequences containing cis-acting sequences such as 
psi. The gag gene encodes the internal structural (matrix, 

capsid, and nucleocapsid) proteins; the pol gene encodes 

the RNA-directed DNA polymerase (reverse transcriptase) , 
protease and integrase; and the env gene encodes viral 

envelope glycoproteins . The 5 1 and 3 1 LTRs serve to 
promote transcription and polyadenylation of the virion 
RNAs. The LTR contains all other cis-acting sequences 

necessary for viral replication. Lentiviruses have 
additional genes including vif, vpr, tat, rev, vpu, nef, 

and vpx (in HIV-1, HIV-2 and/or SIV) . 
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Adjacent to the 5' LTR are sequences necessary for reverse 
transcription of the genome (the tRNA primer binding site) 
and for efficient encapsidation of viral RNA into 
particles (the Psi site) . If the sequences necessary for 
encapsidation (or packaging of retroviral RNA into 
infectious virion) are missing from the viral genome, the 
result is a cis defect which prevents encapsidation of 

genomic viral RNA. This type of modified vector is what 
has typically been used in prior gene delivery systems 
(i.e., systems lacking elements which are required for 

encapsidation of the virion) . 

In a first embodiment, the invention provides a 
recombinant retrovirus capable of infecting a non-dividing 
cell, a dividing cell, or a cell having a cell 
proliferative disorder. The recombinant replication 
competent retrovirus of the present invention comprises a 
polynucleotide sequence having a viral GAG, a viral POL, a 
viral ENV, a heterologous polynucleotide and one or more 
targeting polynucleotide sequence for cell- or tissue- 
specific targeting of the retrovirus to a particular 
tissue, cell or cell type, as described herein. 

The heterologous nucleic acid sequence is operably linked 
to a regulatory nucleic acid sequence. As used herein, 
the term "heterologous" nucleic acid sequence or transgene 
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refers to a sequence that does not normally exist in the 
wild (e.g., in the wild-type retrovirus) or a sequence 
that originates from a foreign species, or, if from the 
same species, it may be substantially modified from its 
original form. Alternatively, an unchanged nucleic acid 
sequence that is not normally expressed in a cell is a 
heterologous nucleic acid sequence. 

Depending upon the intended use of the retroviral vector 
of the present invention any number of heterologous 
polynucleotide or nucleic acid sequences may be inserted 
into the retroviral vector. For example, for in vitro 

studies commonly used marker genes or reporter genes may 
be used, including, antibiotic resistance and fluorescent 
molecules (e.g., GFP) . Additional polynucleotide 
sequences encoding any desired polypeptide sequence may 
also be inserted into the vector of the present invention. 
Where in vivo delivery of a heterologous nucleic acid 
sequence is sought both therapeutic and non- therapeutic 
sequences may be used. For example, the heterologous 
sequence can encode a therapeutic molecule including 
antisense molecules or ribozymes directed to a particular 
gene associated with a cell proliferative disorder, the 
heterologous sequence can be a suicide gene {e.g., HSV-tk 

or PNP) , or a therapeutic protein (e.g., Factor IX). 
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Other therapeutic proteins applicable to the present 
invention are easily identified in the art (see for 
example, R. Crystal, Science 270:404-410 (1995)). 

Thus, the recombinant virus of the invention is capable of 
transferring a nucleic acid sequence into a target cell. 
The term nucleic acid sequence refers to any nucleic acid 
molecule, including DNA, RNA or modified nucleic acid 
sequences. The nucleic acid molecule may be derived from a 
variety of sources, including DNA, cDNA, synthetic DNA, 
RNA, or combinations thereof. Such nucleic acid sequences 
may comprise genomic DNA which may or may not include 
naturally occurring introns. Moreover, such genomic DNA 
may be obtained in association with promoter regions, 
introns, or poly A sequences. Genomic DNA may be extracted 
and purified from suitable cells by means well known in 
the art. Alternatively, messenger RNA (mRNA) can be 
isolated from cells and used to produce cDNA by reverse 
transcription or other means. 

The term "regulatory nucleic acid sequence" refers 
collectively to promoter sequences, polyadenylation 
signals, transcription termination sequences, upstream 
regulatory domains, origins of replication, internal 
ribosome entry sites ("IRES"), enhancers, and the like, 
which collectively provide for the replication, 
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transcription and translation of a coding sequence in a 
recipient cell. Not all of these control sequences need 
always be present so long as the selected coding sequence 
is capable of being replicated, transcribed and translated 
in an appropriate host cell. One skilled in the art can 
readily identify regulatory nucleic acid sequence from 
public databases and materials. Furthermore, one skilled 
in the art can identify a regulatory sequence that is 
applicable for the intended use, for example, in vivo, ex 

vivo, or in vitro. 

The term "promoter region" is used herein in its ordinary 
sense to refer to a nucleotide region comprising a DNA 
regulatory sequence, wherein the regulatory sequence is 
derived from a gene which is capable of binding RNA 
polymerase and initiating transcription of a downstream 
(3 1 -direction) coding sequence. The regulatory sequence 
may be homologous or heterologous to the desired gene 
sequence. For example, a wide range of promoters may be 
utilized, including viral or mammalian promoter. 
Preferably the regulatory sequences is an IRES sequence. 

The term "operably linked" refers to functional linkage 
between the regulatory sequence and the heterologous 
nucleic acid sequence. The heterologous sequence can be 
linked to a promoter, resulting in a chimeric gene. The 
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heterologous nucleic acid sequence is preferably under 
control of either the viral LTR promoter-enhancer signals 
or of an internal promoter, and retained signals within 
the retroviral LTR can still bring about efficient 
integration of the vector into the host cell genome. 
Accordingly, the recombinant retroviral vectors of the 
invention, the desired sequences, genes and/or gene 
fragments can be inserted at several sites and under 
different regulatory sequences. For example, a site for 
insertion can be the viral enhancer/promoter proximal site 
(i.e., 5 1 LTR-driven gene locus). Alternatively, the 
desired sequences can be inserted into a regulatory 
sequence distal site (e.g., the IRES sequence 3' to the 

env gene) . Other distal sites include viral promoter 

sequences, where the expression of the desired sequence or 
sequences is through splicing of the promoter proximal 
cistron, an internal heterologous promoter as SV4 0 or CMV, 
or an internal ribosome entry site (IRES) . 

In one embodiment, the retroviral genome of the present 
invention contains an IRES comprising a cloning site for 
insertion of a desired polynucleotide sequence, preferably 
the IRES is 3' to the env gene in the retroviral vector. 
Accordingly, a heterologous polynucleotide sequence 
encoding a desired polypeptide may be operably linked to 
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the IRES . An example of polynucleotide sequence which may 
be operably linked to the IRES include green fluorescent 
protein (GFP) or a selectable marker gene. Marker genes 
are utilized to assay for the presence of the vector, and 
thus, to confirm infection and integration. Typical 
selection genes encode proteins that confer resistance to 
antibiotics and other toxic substances, e.g., histidinol, 

puromycin, hygromycin, neomycin, methotrexate, and other 
reporter genes known in the art. Other polynucleotide 
sequence which may be linked to the IRES include, for 
example, suicide genes, such as PNP and HSV- thymidine 
kinase (Figure 2) , polynucleotide sequences that encode an 
antisense molecule, or polynucleotides sequences that 
encode a ribosome. 

It can be advantageous to have at one's disposal more 
efficacious gene therapy vectors capable, in particular, 
of producing several proteins of interest efficiently. 
However, the presence of several promoters within the same 
vector very often manifests itself in a reduction or even 
a loss of expression over time. This is due to a well- 
known phenomenon of interference between promoter 
sequences. In this context, the publication of 
International Application WO93/03143 proposes a solution 
to this problem which consists in employing an IRES. It 
describes a dicistonic retroviral vector for the 
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expression of two genes of interest placed under the 
control of the same promoter. For example, the presence of 
a picornavirus IRES site between these genes permits the 
production of the expression product originating from the 
second gene of interest by internal initiation of the 
translation of the dicistronic mRNA (see Morgan et al., 

Nucleic Acids Research, 20: (6) 1293-1299 (1992)). 

Normally, the entry of ribosomes into messenger RNA takes 
place via the cap located at the 5 1 end of all eukaryotic 
mRNAs. However, there are exceptions to this universal 
rule. The absence of a cap in some viral mRNAs suggests 
the existence of alternative structures permitting the 
entry of ribosomes at an internal site of these RNAs. To 
date, a number of these structures, designated IRES on 
account of their function, have been identified in the 5' 
noncoding region of uncapped viral mRNAs, such as that, in 
particular, of picornaviruses such as the poliomyelitis 
virus (Pelletier et al . , 1988, Mol . Cell. Biol., 8, 1103- 
1112) and the EMCV virus (encephalo-myocarditis virus 
(Jang et al., J. Virol., 1988, 62, 2636-2643). The 

present invention provides the use of an IRES in the 
context of a replication-competent retroviral vector. 
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In another embodiment a targeting polynucleotide sequence 
is included as part of the recombinant retroviral vector 
of the present invention. The targeting polynucleotide 
sequence is a targeting ligand (e.g., peptide hormones 

such as heregulin, a single-chain antibodies, a receptor 
or a ligand for a receptor) , a tissue-specific or cell- 
type specific regulatory element (e.g., a tissue-specific 

or cell -type specific promoter or enhancer) , or a 
combination of a targeting ligand and a tissue - 
specific/cell-type specific regulatory element. 
Preferably, the targeting ligand is operably linked to the 
env protein of the retrovirus, creating a chimeric 
retroviral env protein. The viral GAG, viral POL and 
viral ENV proteins can be derived from any suitable 
retrovirus (e.g.,MLV or lentivirus -derived) . In another 
embodiment, the viral ENV protein is non-retrovirus- 
derived (e.g., CMV or VSV) . 

The recombinant retrovirus of the invention is therefore 
genetically modified in such a way that the virus is 
targeted to a particular cell type (e.g., smooth muscle 

cells, hepatic cells, renal cells, fibroblasts, 
keratinocytes, mesenchymal stem cells, bone marrow cells, 
chondrocyte, epithelial cells, intestinal cells, 
neoplastic cells and others known in the art) such that 
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the nucleic acid genome is delivered to a target non- 
dividing, a target dividing cell, or a target cell having 
a cell proliferative disorder. Targeting can be achieved 
in two ways. The first way directs the retrovirus to a 
target cell by preferentially binding to cells having a 
molecule on the external surface of the cell. This 
method of targeting the retrovirus utilizes expression of 
a targeting ligand on the coat of the retrovirus to assist 
in targeting the virus to cells or tissues that have a 
receptor or binding molecule which interacts with the 
targeting ligand on the surface of the retrovirus. After 
infection of a cell by the virus, the virus injects its 
nucleic acid into the cell and the retrovirus genetic 
material can integrate into the host cell genome. The 
second method for targeting uses cell- or tissue- specific 
regulatory elements to preferentially promote expression 
and transcription of the viral genome in a targeted cell 
which actively utilizes the regulatory elements, as 
described more fully below. The transferred retrovirus 
genetic material is then transcribed and translated into 
proteins within the host cell. The targeting regulatory 
element is preferably linked to the 5 1 and/or 3' LTR, 
creating a chimeric LTR. 

By inserting a heterologous nucleic acid sequence of 
interest into the viral vector of the invention, along 
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with another gene which encodes, for example, the ligand 
for a receptor on a specific target cell, the vector is 
now target specific. Viral vectors can be made target 
specific by attaching, for example, a sugar, a glycolipid, 
or a protein. Targeting can be accomplished by using an 
antibody to target the viral vector. Those of skill in 
the art will know of, or can readily ascertain, specific 
polynucleotide sequences which can be inserted into the 
viral genome or proteins which can be attached to a viral 
envelope to allow target specific delivery of the viral 
vector containing the nucleic acid sequence of interest. 

Thus, the present invention, includes in one embodiment, a 
chimeric env protein comprising a retroviral env protein 
operably linked to a targeting polypeptide. The targeting 
polypeptide can be a cell specific receptor molecule, a 
ligand for a cell specific receptor, an antibody or 
antibody fragment to a cell specific antigenic epitope or 
any other ligand easily identified in the art which is 
capable of binding or interacting with a target cell. 
Examples of targeting polypeptides or molecules include 
bivalent antibodies using biotin-streptavidin as linkers 
(Etienne- Julan et al . , J". Of General Virol., 73, 3251-3255 
(1992); Roux et al . , Proc . Natl. Acad. Sci USA 86, 9079- 

9083 (1989) ) , recombinant virus containing in its 
envelope a sequence encoding a single -chain antibody 
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variable region against a hapten (Russell et al., Nucleic 

Acids Research, 21, 1081-1085 (1993)), cloning of peptide 

hormone ligands into the retrovirus envelope (Kasahara et 

al., Science, 266, 1373-1376 (1994)), chimeric EPO/env 

constructs (Kasahara et al., 1994), single-chain 

antibody against the low density lipoprotein (LDL) 
receptor in the ecotropic MLV envelope, resulting in 
specific infection of HeLa cells expressing LDL receptor 
(Somia et al., Proc. Natl. Acad. Sci USA, 92, 7570-7574 

(1995)), similarly the host range of ALV can be altered by 
incorporation of an integrin ligand, enabling the virus to 
now cross species to specifically infect rat glioblastoma 
cells (Valsesia-Wittmann et al . , J. Virol. 68, 4609-4619 
(1994)), and Dornberg and co-workers (Chu and Dornburg, J. 
Virol 69, 2659-2663 (1995)) have reported tissue-specific 

targeting of spleen necrosis virus (SNV) , an avian 
retrovirus, using envelopes containing single-chain 
antibodies directed against tumor markers. 

The invention provides a method of producing a recombinant 
retrovirus capable of infecting a target cell comprising 
transfecting a suitable host cell with the following: a 
vector comprising a polynucleotide sequence encoding a 
viral gag, a viral pol and a viral env, wherein the vector 
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contains a cloning site for introduction of a heterologous 
gene, operably linked to a regulatory nucleic acid 
sequence, and recovering the recombinant virus. An 
illustration of the individual vectors used in the method 
of the invention is shown in Figures 1 and 2. 

The retrovirus and methods of the invention provide a 
replication competent retrovirus that does not require 
helper virus or additional nucleic acid sequence or 
proteins in order to propagate and produce virion. For 
example, the nucleic acid sequences of the retrovirus of 
the present invention encode, for example, a group 
specific antigen and reverse transcriptase, (and integrase 
and protease -enzymes necessary for maturation and reverse 
transcription), respectively, as discussed above. The 
viral gag and pol can be derived from a lentivirus, such 

as HIV or an oncovirus such as MoMLV. In addition, the 
nucleic acid genome of the retrovirus of the present 
invention includes a sequence encoding a viral envelope 
(ENV) protein. The env gene can be derived from any 

retroviruses. The env may be an amphotropic envelope 
protein which allows transduction of cells of human and 
other species, or may be an ecotropic envelope protein, 
which is able to transduce only mouse and rat cells. 
Further, it may be desirable to target the recombinant 
virus by linkage of the envelope protein with an antibody 
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or a particular ligand for targeting to a receptor of a 
particular cell- type. As mentioned above, retroviral 
vectors can be made target specific by inserting, for 
example, a glycolipid, or a protein. Targeting is often 
accomplished by using an antibody to target the retroviral 
vector to an antigen on a particular cell-type (e.g., a 

cell type found in a certain tissue, or a cancer cell 
type) . Those of skill in the art will know of, or can 
readily ascertain without undue experimentation, specific 
methods to achieve delivery of a retroviral vector to a 
specific target. In one embodiment, the env gene is 

derived from a non- retrovirus (e.g., CMV or VSV) . 
Examples of retroviral -derived env genes include, but are 
not limited to: Moloney murine leukemia virus (MoMuLV) , 
Harvey murine sarcoma virus (HaMuSV) , murine mammary tumor 
virus (MuMTV) , gibbon ape leukemia virus (GaLV) , human 
immunodeficiency virus (HIV) and Rous Sarcoma Virus (RSV) . 
Other env genes such as Vesicular stomatitis virus (VSV) 
(Protein G) , cytomegalovirus envelope (CMV) , or influenza 
virus hemagglutinin (HA) can also be used. 

Unlike recombinant retroviruses produced by standard 
methods in the art that are defective and require 
assistance in order to produce infectious vector 
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particles, the present invention provides a retrovirus 
that is replication-competent. 

In another embodiment, the present invention provides 
retroviral vectors that are targeted using regulatory 
sequences. Cell- or tissue- specific regulatory sequences 
{e.g., promoters) can be utilized to target expression of 

gene sequences in specific cell populations. Suitable 
mammalian and viral promoters for the present invention 
are available in the art. Accordingly, in one embodiment, 
the present invention provides a retrovirus having tissue- 
specific promoter elements at the 5' and 3' end of the 
retroviral genome. Preferably, the tissue-specific 
regulatory elements/ sequences are in the U3 region of the 
LTR of the retroviral genome, including for example cell- 
or tissue- specif ic promoters and enhancers to neoplastic 
cells (e.g., tumor cell-specific enhancers and promoters), 

and inducible promoters (e.g., tetracycline). 

Transcription control sequences of the present invention 
can also include naturally occurring transcription control 
sequences naturally associated with a gene encoding a 
superantigen, a cytokine or a chemokine of the present 
invention . 
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"Tissue-specific regulatory elements" are regulatory 
elements (e.g., promoters) that are capable of driving 
transcription of a gene in one tissue while remaining 
largely "silent" in other tissue types. It will be 
understood, however, that tissue-specific promoters may 
have a detectable amount of "background" or "base" 
activity in those tissues where they are silent. The 
degree to which a promoter is selectively activated in a 
target tissue can be expressed as a selectivity ratio 
(activity in a target tissue/activity in a control 
tissue) . In this regard, a tissue specific promoter useful 
in the practice of the present invention typically has a 
selectivity ratio of greater than about 5. Preferably, the 
selectivity ratio is greater than about 15 . 

It will be further understood that certain promoters, 
while not restricted in activity to a single tissue type, 
may nevertheless show selectivity in that they may be 
active in one group of tissues, and less active or silent 
in another group. Such promoters are also termed "tissue 
specific", and are contemplated for use with the present 
invention. For example, promoters that are active in a 
variety of central nervous system (CNS) neurons may be 
therapeutically useful in protecting against damage due to 
stroke, which may effect any of a number of different 
regions of the brain. Accordingly, the tissue-specific 
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regulatory elements used in the present invention, have 
applicability to regulation of the heterologous proteins 
as well as a applicability as a targeting polynucleotide 
sequence in the present retroviral vectors. 

Tissue-specific promoters may be derived, for example, 
from promoter regions of genes that are differentially 
expressed in different tissues. For example, a variety of 
promoters have been identified which are suitable for up 
regulating expression in cardiac tissue. Included, for 
example, are the cardiac a-myosin heavy chain (AMHC) 
promoter and the cardiac a-actin promoter. Other examples 
of tissue-specific regulatory elements include, tissue- 
specific promoters, such as milk-specific (whey) , 
pancreatic (insulin or elastase) , actin promoter in smooth 
muscle cells or neuronal (myelin basic protein) promoters. 
Through the use of promoters, such as milk-specific 
promoters, recombinant retroviruses may be isolated 
directly from the biological fluid of the progeny. 

In addition, numerous gene therapy methods, that take 
advantage of retroviral vectors, for treating a wide 
variety of diseases are well-known in the art (see, e.g., 

U.S. Pat. Nos. 4,405,712 and 4,650,764; Friedmann, 1989, 
Science, 244:1275-1281; Mulligan, 1993, Science, 260:926- 
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932, R. Crystal, 1995, Science 270:404-410, each of which 

are incorporated herein by reference in their entirety) . 
An increasing number of these methods are currently being 
applied in human clinical trials (Morgan, R., 1993, 
BioPharm, 6(1) :32-35; see also The Development of Human 

Gene Therapy, Theodore Friedmann, Ed., Cold Spring Harbor 

Laboratory Press, Cold Spring Harbor, NY, 1999. ISBN 0- 
87969-528-5, which is incorporated herein by reference in 
its entirety) . The safety of these currently available 
gene therapy protocols can be substantially increased by 
using retroviral vectors of the present invention. For 
example, where the retroviral vector infects a non- 
targeted cell, the retroviral genome will integrate but 
will not be transcribed. However, when the retroviral 
vector containing a tissue specific regulatory element 
infects a targeted cell the active tissue specific 
promoter will result in transcription and translation of 
the viral genome. 

The phrase "non-dividing" cell refers to a cell that does 
not go through mitosis. Non-dividing cells may be blocked 
at any point in the cell cycle, (e.g., G Q /G lt GjS, G 2 /M) , 

as long as the cell is not actively dividing. For ex vivo 
infection, a dividing cell can be treated to block cell 
division by standard techniques used by those of skill in 
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the art, including, irradiation, aphidocolin treatment, 
serum starvation, and contact inhibition. However, it 
should be understood that ex vivo infection is often 
performed without blocking the cells since many cells are 
already arrested (e.g., stem cells). For example, a 

recombinant lentivirus vector of the invention is capable 
of infecting any non-dividing cell, regardless of the 
mechanism used to block cell division or the point in the 
cell cycle at which the cell is blocked. Examples of pre- 
existing non-dividing cells in the body include neuronal, 
muscle, liver, skin, heart, lung, and bone marrow cells, 
and their derivatives. For dividing cells onco-retroviral 
vectors can be used. 

By "dividing" cell is meant a cell that undergoes active 
mitosis, or meiosis. Such dividing cells include stem 
cells, skin cells (e.g., fibroblasts and keratinocytes) , 

gametes, and other dividing cells known in the art. Of 
particular interest and encompassed by the term dividing 
cell are cells having cell proliferative disorders, such 
as neoplastic cells. The term "cell proliferative 
disorder" refers to a condition characterized by an 
abnormal number of cells. The condition can include both 
hypertrophic (the continual multiplication of cells 
resulting in an overgrowth of a cell population within a 
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tissue) and hypotrophic (a lack or deficiency of cells 
within a tissue) cell growth or an excessive influx or 
migration of cells into an area of a body. The cell 
populations are not necessarily transformed, tumorigenic 
or malignant cells, but can include normal cells as well. 
Cell proliferative disorders include disorders associated 
with an overgrowth of connective tissues, such as various 
fibrotic conditions, including scleroderma, arthritis and 
liver cirrhosis. Cell proliferative disorders include 
neoplastic disorders such as head and neck carcinomas. 
Head and neck carcinomas would include, for example, 
carcinoma of the mouth, esophagus, throat, larynx, thyroid 
gland, tongue, lips, salivary glands, nose, paranasal 
sinuses, nasopharynx, superior nasal vault and sinus 
tumors, esthesioneuroblastoma, squamous call cancer, 
malignant melanoma, sinonasal undifferentiated carcinoma 
(SNUC) or blood neoplasia. Also included are carcinoma's 
of the regional lymph nodes including cervical lymph 
nodes, prelaryngeal lymph nodes, pulmonary juxtaesophageal 
lymph nodes and submandibular lymph nodes {Harrison* s 

Principles of Internal Medicine (eds., Isselbacher, et 

al., McGraw-Hill, Inc., 13th Edition, ppl850-1853, 1994). 

Other cancer types, include, but are not limited to, lung 
cancer, colon-rectum cancer, breast cancer, prostate 
cancer, urinary tract cancer, uterine cancer lymphoma, 
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oral cancer, pancreatic cancer, leukemia, melanoma, 
stomach cancer and ovarian cancer. 

The present invention also provides gene therapy for the 
treatment of cell proliferative disorders. Such therapy 
would achieve its therapeutic effect by introduction of an 
appropriate therapeutic polynucleotide sequence (e.g., 

antisense, ribozymes, suicide genes), into cells of 
subject having the proliferative disorder. Delivery of 
polynucleotide constructs can be achieved using the 
recombinant retroviral vector of the present invention, 
particularly if ti si based on MLV, which will is capable 
of infecting dividing cells. 

In addition, the therapeutic methods (e.g., the gene 
therapy or gene delivery methods) as described herein can 
be performed in vivo or ex vivo. It may be preferable to 
remove the majority of a tumor prior to gene therapy, for 
example surgically or by radiation. 

Thus, the invention provides a recombinant retrovirus 
capable of infecting a non-dividing cell, a dividing cell 
or a neoplastic cell comprising a viral GAG; a viral POL; 
a viral ENV; a heterologous nucleic acid sequence operably 
linked to a regulatory nucleic acid sequence; and cis- 
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acting nucleic acid sequences necessary for packaging, 
reverse transcription and integration. The recombinant 
retrovirus can be a lentivirus, such as HIV, or can be an 
oncovirus. As described above for the method of producing 
a recombinant retrovirus, the recombinant retrovirus of 
the invention may further include at least one of VPR, 
VIF, NEF, VPX, TAT, REV, and VPU protein. While not 
wanting to be bound by a particular theory, it is believed 
that one or more of these genes/protein products are 
important for increasing the viral titer of the 
recombinant retrovirus produced (e.g., NEF) or may be 
necessary for infection and packaging of virion, depending 
on the packaging cell line chosen (e.g., VIF). 

The invention also provides a method of nucleic acid 
transfer to a target cell to provide expression of a 
particular nucleic acid sequence (e.g., a heterologous 

sequence) . Therefore, in another embodiment, the invention 
provides a method for introduction and expression of a 
heterologous nucleic acid sequence in a target cell 
comprising infecting the target cell with the recombinant 
virus of the invention and expressing the heterologous 
nucleic acid sequence in the target cell. As mentioned 
above, the target cell can be any cell type including 
dividing, non-dividing, neoplastic, immortalized, modified 
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and other cell types recognized by those of skill in the 
art, so long as they are capable of infection by a 
retrovirus . 

It may be desirable to modulate the expression of a gene 
in a cell by the introduction of a nucleic acid sequence 
(e.g., the heterologous nucleic acid sequence) by the 
method of the invention, wherein the nucleic acid sequence 
give rise, for example, to an antisense or ribozyme 
molecule. The term "modulate" envisions the suppression 
of expression of a gene when it is over- expressed, or 
augmentation of expression when it is under-expressed. 
Where a cell proliferative disorder is associated with the 
expression of a gene, nucleic acid sequences that 
interfere with the gene's expression at the translational 
level can be used. This approach utilizes, for example, 
antisense nucleic acid, ribozymes, or triplex agents to 
block transcription or translation of a specific mRNA, 
either by masking that mRNA with an antisense nucleic acid 
or triplex agent, or by cleaving it with a ribozyme. 

Antisense nucleic acids are DNA or RNA molecules that are 
complementary to at least a portion of a specific mRNA 
molecule (Weintraub, Scientific American, 262:40, 1990). 
In the cell, the antisense nucleic acids hybridize to the 
corresponding mRNA, forming a double- stranded molecule. 
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The antisense nucleic acids interfere with the translation 
of the mRNA, since the cell will not translate a mRNA that 
is double -stranded. Antisense oligomers of about 15 
nucleotides are preferred, since they are easily 
synthesized and are less likely to cause problems than 
larger molecules when introduced into the target cell. 
The use of antisense methods to inhibit the in vitro 

translation of genes is well known in the art (Marcus- 
Sakura, Anal .Biochem. , 172 : 289 , 1988). 

The antisense nucleic acid can be used to block expression 
of a mutant protein or a dominantly active gene product, 
such as amyloid precursor protein that accumulates in 
Alzheimer's disease. Such methods are also useful for the 
treatment of Huntington's disease, hereditary 
Parkinsonism, and other diseases. Of particular interest 
are the blocking of genes associated with cell- 
proliferative disorders. Antisense nucleic acids are also 
useful for the inhibition of expression of proteins 
associated with toxicity. 

Use of an oligonucleotide to stall transcription is known 
as the triplex strategy since the oligomer winds around 
double-helical DNA, forming a three-strand helix. 
Therefore, these triplex compounds can be designed to 
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recognize a unique site on a chosen gene (Maher, et al., 
Antisense Res. and Dev. , 1(3) :227 t 1991; Helene, C, 
Anticancer Drug Design, 6 (6) :569, 1991) . 

Ribozymes are RNA molecules possessing the ability to 
specifically cleave other single- stranded RNA in a manner 
analogous to DNA restriction endonucleases . Through the 
modification of nucleotide sequences which encode these 
RNAs, it is possible to engineer molecules that recognize 
specific nucleotide sequences in an RNA molecule and 
cleave it (Cech, J.Amer.Med. Assn. ,_260 : 3030 , 1988). A 
major advantage of this approach is that, because they are 
sequence- specific, only mRNAs with particular sequences 
are inactivated. 

It may be desirable to transfer a nucleic acid encoding a 
biological response modifier. Included in this category 
are immunopotentiating agents including nucleic acids 
encoding a number of the cytokines classified as "- 
interleukins" . These include, for example, interleukins 1 
through 12. Also included in this category, although not 
necessarily working according to the same mechanisms, are 
interferons, and in particular gamma interferon (y-IFN) , 
tumor necrosis factor (TNF) and granulocyte-macrophage- 
colony stimulating factor (GM-CSF) . Other polypeptides 
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include, for example, angiogenic factors and anti- 
angiogenic factors. It may be desirable to deliver such 
nucleic acids to bone marrow cells or macrophages to treat 
enzymatic deficiencies or immune defects. Nucleic acids 
encoding growth factors, toxic peptides, ligands, 
receptors, or other physiologically important proteins can 
also be introduced into specific target cells. 

The recombinant retrovirus of the invention can be used 
for the treatment of a neuronal disorder for example, may 
optionally contain an exogenous gene, for example, a gene 
which encodes a receptor or a gene which encodes a ligand. 
Such receptors include receptors which respond to 
dopamine, GAB A, adrenaline, noradrenaline, serotonin, 
glutamate, acetylcholine and other neuropeptides, as 
described above. Examples of ligands which may provide a 
therapeutic effect in a neuronal disorder include 
dopamine, adrenaline, noradrenaline, acetylcholine, gamma - 
aminobutyric acid and serotonin. The diffusion and uptake 
of a required ligand after secretion by an infected donor 
cell would be beneficial in a disorder where the subjects 
neural cell is defective in the production of such a gene 
product. A cell genetically modified to secrete a 
neurotrophic factor, such as nerve growth factor, (NGF) , 
might be used to prevent degeneration of cholinergic 
neurons that might otherwise die without treatment . 
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Alternatively, cells be grafted into a subject with a 
disorder of the basal ganglia, such as Parkinson ! s 
disease, can be modified to contain an exogenous gene 
encoding L-DOPA, the precursor to dopamine. Parkinson's 
disease is characterized by a loss of dopamine neurons in 
the substantia-nigra of the midbrain, which have the basal 
ganglia as their major target organ. 

Other neuronal disorders that can be treated similarly by 
the method of the invention include Alzheimer's disease, 
Huntington 1 s disease, neuronal damage due to stroke, and 
damage in the spinal cord. Alzheimer T s disease is 
characterized by degeneration of the cholinergic neurons 
of the basal forebrain. The neurotransmitter for these 
neurons is acetylcholine, which is necessary for their 
survival. Engraftment of cholinergic cells infected with 
a recombinant retrovirus of the invention containing an- 
exogenous gene for a factor which would promote survival 
of these neurons can be accomplished by the method of the 
invention, as described. Following a stroke, there is 
selective loss of cells in the CA1 of the hippocampus as 
well as cortical cell loss which may underlie cognitive 
function and memory loss in these patients. Once 
identified, molecules responsible for CA1 cell death can 
be inhibited by the methods of this invention. For 
example, antisense sequences, or a gene encoding an 
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antagonist can be transferred to a neuronal cell and 
implanted into the hippocampal region of the brain. 



For diseases due to deficiency of a protein product, gene 
transfer could introduce a normal gene into the affected 
5 tissues for replacement therapy, as well as to create 

animal models for the disease using antisense mutations. 
For example, it may be desirable to insert a Factor IX 
encoding nucleic acid into a retrovirus for infection of a 
M= muscle or liver cell. 

is,*' 

jF; 

hi 10 The present invention also provides gene therapy for the 

y. treatment of cell proliferative or immunologic disorders. 

Such therapy would achieve its therapeutic effect by 
rT introduction of an antisense or dominant negative encoding 

[7 polynucleotide into cells having the proliferative 

jr! 15 disorder, wherein the polynucleotide binds to and prevents 

nil 

translation or expression of a gene associated with a 
cell -proliferative disorder. Delivery of heterologous 
nucleic acids useful in treating or modulating a cell 
proliferative disorder (e.g., antisense polynucleotides) 

20 can be achieved using a recombinant retroviral vector of 

the present invention. 



In addition, the present invention provides polynucleotide 
sequence encoding a recombinant retroviral vector of the 
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present invention. The polynucleotide sequence can be 
incorporated into various viral particles. For example, 
various viral vectors which can be utilized for gene 
therapy include adenovirus, herpes virus, vaccinia, or, 
5 preferably, an RNA virus such as a retrovirus. The 

retroviral vector can be a derivative of a murine, simian 
or human retrovirus. Examples of retroviral vectors in 
which a foreign gene (e.gr., a heterologous polynucleotide 

sequence) can be inserted include, but are not limited to: 
L," 10 Moloney murine leukemia virus (MoMuLV) , Harvey murine 



sarcoma virus (HaMuSV) , murine mammary tumor virus 
W (MuMTV) , and Rous Sarcoma Virus (RSV) . All of these 

vectors can transfer or incorporate a gene for a 

W 

■ selectable marker so that transduced cells can be 

o 

M 15 identified and generated. By inserting a heterologous 



sequence of interest into the viral vector, along with 
pj another gene which encodes the ligand for a receptor on a 

specific target cell, for example, the vector is now 
target specific. Retroviral vectors can be made target 
20 specific by attaching, for example, a sugar, a glycolipid, 

or a protein. Targeting is accomplished by using an 
antibody or ligand to target the retroviral vector. Those 
of skill in the art will know of, or can readily ascertain 
without undue experimentation, specific polynucleotide 
25 sequences which can be inserted into the retroviral genome 
or attached to a viral envelope to allow target specific 

-51- 



06666/125001 

delivery of the retroviral vector containing the 
heterologous polynucleotide. In addition, the retroviral 
vector can be targeted to a cell by utilizing a cell- or 
tissue- specif ic regulatory element contained in the LTR of 
the retroviral genome. Preferably the cell- or tissue- 
specific regulatory element is in the U3 region of the 
LTRs. In this way, after integration into a cell, the 
retroviral genome will only be expressed in cells where 
the cell- or tissue-specific promoter is active. 

Alternatively, NIH 3T3 or other tissue culture cells can 
be directly transfected with plasmids encoding the 
retroviral genome, by conventional calcium phosphate 
transf ection. The resulting cells release the retroviral 
vector into the culture medium. 

In another embodiment, the invention provides a method of 
treating a subject having a cell proliferative disorder. 
The subject can be any mammal, and is preferably a human. 
The subject is contacted with a recombinant replication 
competent retroviral vector of the present invention. The 
contacting can be in vivo or ex vivo. Methods of 

administering the retroviral vector of the invention are 
known in the art and include, for example, systemic 
administration, topical administration, intraperitoneal 
administration, intra-muscular administration, as well as 
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administration directly at the site of a tumor or cell- 
proliferative disorder and other routes of administration 
known in the art. 

Thus, the invention includes various pharmaceutical 
compositions useful for treating a cell proliferative 
disorder. The pharmaceutical compositions according to 
the invention are prepared by bringing a retroviral vector 
containing a heterologous polynucleotide sequence useful 
in treating or modulating a cell proliferative disorder 
according to the present invention into a form suitable 
for administration to a subject using carriers, excipients 
and additives or auxiliaries. Frequently used carriers or 
auxiliaries include magnesium carbonate, titanium dioxide, 
lactose, mannitol and other sugars, talc, milk protein, 
gelatin, starch, vitamins, cellulose and its derivatives, 
animal and vegetable oils, polyethylene glycols and 
solvents, such as sterile water, alcohols, glycerol and 
polyhydric alcohols. Intravenous vehicles include fluid 
and nutrient replenishers . Preservatives include 
antimicrobial, ant i- oxidants, chelating agents and inert 
gases. Other pharmaceutically acceptable carriers include 
aqueous solutions, non- toxic excipients, including salts, 
preservatives, buffers and the like, as described, for 
instance, in Remington 1 s Pharmaceutical Sciences, 15th 

ed. Easton: Mack Publishing Co., 1405-1412, 1461-1487 
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(1975) and The National Formulary XIV., 14th ed. 

Washington: American Pharmaceutical Association (1975) , 
the contents of which are hereby incorporated by 
reference. The pH and exact concentration of the various 
components of the pharmaceutical composition are adjusted 
according to routine skills in the art. See Goodman and 
Gilman's The Pharmacological Basis for Therapeutics (7th 

ed. ) . 



For example, and not by way of limitation, a retroviral 
vector useful in treating a cell proliferative disorder 
will include a chimeric target specific ENV protein 
directed to a cell type of interest (e.g., one having a 

cell proliferative disorder), GAG, and POL proteins, a 
cell-specific promoter sequence in the U3 region of the 
LTR of the retroviral genome associated with a growth 
regulatory gene (e.g., probasin or HER2) , and all cis- 

acting sequence necessary for replication, packaging and 
integration of the retroviral genome into the target cell. 
The heterologous sequence can be, for example, an 
antisense molecule or a suicide protein that results in 
the death of a cell where the retroviral genome is 
actively transcribed. 
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The following Examples are intended to illustrate, but not 
to limit the invention. While such Examples are typical 
of those that might be used, other procedures known to 
those skilled in the art may alternatively be utilized. 

EXAMPLES 

Example 1: Construction of Replication competent 
Retroviruses 

There have been few reports in the literature regarding 
the stability of insertions in the context of 
replication-competent MoMLV, and all of these have used 
insertion positions within the 3 ! long terminal repeat 
sequence (LTR) . Most of these insertions were deleted 
within one or two serial passages of the virus. In this 
case the size and nature of the inserted sequences seemed 
to have little correlation with the stability of the 
vector, as small inserts were often deleted just as 
quickly as larger inserts. One important consideration 
may be the positioning of the insertion; as the reverse 
transcription process entails duplication of the U3 region 
of the 3 1 LTR (Figure 1), this may result in decreased 
stability of non-essential sequences inserted into this 
position. 

An infectious Mo-MLV proviral clone was excised with Nhel 
from plasmid pZAP and ligated to the plasmid backbone of 
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retroviral vector gIZIN. The IRES of encephalomyocarditis 
virus was amplified by PCR from plasmid pEMCF and appended 
at its 3 1 end to a polylinker by overlap-extension PCR. 
Plasmids gIZIN and pEMC-F were kindly provided by J.J. 
Hwang, University of Southern California. All PCR 
reactions were carried out with Pfu DNA polymerase 

(Stratagene) . The IRES -polylinker was then introduced 
into the Mo-MLV clone at the 3' terminus of the env gene 

by overlap extension PCR. The resulting plasmid was 
termed glZD. The GFP gene of plasmid pEGFP-Nl (Clontech) 
was amplified by PCR and inserted into the multiple 
cloning site of glZD, producing glZD-GFP. The hygromycin 
phosphotransferase gene of plasmid pTK-hygro (Clontech) 
was similarly introduced into glZD to produce glZD-hygro. 
The prefix p is omitted in the designation of the viruses 
derived from these plasmids. 

Insertion of a transgene into a less sensitive position, 
and in fact linking expression of the inserted transgene 
to viral coding sequences, might enhance the stability of 
the vector. Accordingly, an IRES sequence was inserted 
just downstream from the envelope message but upstream 
from the 3' LTR (Figure 2) . An IRES derived from 
encephalomyocarditis virus (EMCV) and a multiple cloning 
site were inserted just 3' of the envelope gene in a 
replication-competent MoMLV provirus clone, glZD (wild 
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type MoMLV, see Figure 1) . The glZD strain of MoMLV virus 
is ecotropic (i.e., encoated by an envelope with 

murine-specif ic binding tropism) . This particular insert 
position was chosen because 1) the packaging signal is 
5 known to extend past the ATG of the gag gene, thus 

positioning a transgene just upstream of the gag gene 
would greatly impair packaging efficiency, 2) the gag and 
pol coding sequences are initially translated as a single 
polypeptide which is then cleaved, thus positioning a 
10 transgene between these coding sequences would greatly 

impair proteolytic processing, 3) the 3 ! end of the pol 
gene actually overlaps with the 5* end of the env gene, 
and this overlap region contains a splice acceptor for the 
env transcript, thus transgene insertions into this region 
15 would be problematic, and 4) the positioning of the 
M ! insert outside of the major intron ensures the insert ! s 

f|] presence on both spliced and unspliced viral RNAs and 

therefore the translation of the insert from both spliced 
and unspliced RNAs. 



I i 



20 The resultant construct was designated glZD. The multiple 

cloning site in glZD was then used to insert transgene 
coding sequences. The multiple cloning site in the glZD 
was then used to insert transgene coding sequences . 
Initially maker genes such as the green fluorescent 

25 protein (GFP) gene, puromycine-resistance (puro R ) gene, 
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and hygromycine-resistance (hygro R ) gene were inserted at 
this site. Suicide genes, such as the Herpes simplex 
virus thymidine kinase (HSV-tk) gene and the E . Coli 
purine nucleotide phosphorylase (PNP) gene, can be 
inserted in place of the marker genes. As the transgenes 
are of various sizes, resulting in IRES+transgene cassette 
insertions raging from 1170 bp to 1700 bp in size, it can 
be determined whether the inset size has an effect on the 
stability of the virus genome (normally 8.3 kb in size), 
and what the packaging limit for MoMLV might be in this 
context. There have been few reports in the literature 
regarding the stability of insertions in the context of 
replication-competent MoMLV, and none, that the inventors 
are aware of, using an IRES sequence to direct transgene 
expression in replication-competent vectors. This 
construct design greatly improves functional and genetic 
stability of the transgene. 

The gIZD-derived replication- competent retrovirus (RCR) 
vectors were first tested for their ability to efficiently 
replicate and spread in culture. NIH3T3 and 293T cell 
were cultivated in Dulbecco's Modified Eagle Medium with 
10% fetal bovine serum. Vector stock was produced by 
transfection of the vector-encoding plasmids into 293T 
cells using calcium phosphate-precipitation as described 
previously. Twenty-four hours post-transf ection, the 
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medium was replaced with fresh medium, and one day later 
the vector-containing supernatant was collected, filtered 
through a 0.45 ]xm filter and used immediately or frozen 
for later use. After initial transfection of the RCR 
vector plasmids into 293 cells to produce a viral stock, a 
1000 -fold dilution of the virus preparation was used to 
infect fresh plates of NIH3T3 cells. The cells were grown 
to confluence, the RCR- containing cell culture supernatant 
was harvested to assay reverse transcriptase (RT) 
activity, and the cells were then passaged. This cycle 
was repeated several times as each set of passaged cells 
again attained confluence. 

Dilutions of vector stocks were used to infect 20% 
confluent N1H3T3 cells. Every 3 days for the following 2 
weeks, the supernatant was collected and the cells were 
split 1:4. To quantitate reverse transcriptase activity, 
an aliquot of each supernatant was incubated at 37 °C for 
one hour in a cocktail containing ( 32 P)dTTP, poly(rA) 
template, and oligo-dT primers. RT activity was 
quantified using poly-riboA template and an oligo-dT 
primer for incorporation of radiolabeled dTTP, and the 
reaction products were spotted on nitrocellulose and 
radioactivity measured by Phospholmager . The time course 
of RT activities over several passages shows a classic 
peak and plateau pattern, thus indicating that all glZD- 



-59- 



06666/125001 

derived RCR vectors carrying marker genes are capable of 
efficient replication and spread throughout a cell culture 
at levels comparable to wild-type virus (Figure 3) . Thus, 
even relatively large insertions, that stretch the 
packaging capacity of MoMLV to its limit, do not appear to 
impair the replicative ability of the virus. 

The gIZD-derived RCR vector containing GFP as the marker 
gene (gIZD-GFP) was used to follow transgene expression 
over time as the virus spread through the NIH3T3 cell 
culture. The GFP marker can be detected by fluorescence- 
activated cell sorter (FACS) analysis, using the same 
wavelength as that used for detection of fluorescein 
(FITC; cannel FL1) . NIH3T3 cells were washed with 
phosphate buffered saline (PBS) , trypsinized and collected 
by low-speed centrifugation. Cells were resuspended in 
PBS at approximately 10 5 cells/ml and analyzed for 
fluorescence with a Becton Dickinson FACScan using a 
fluorescein isothiocyanate filter set. These results show 
that initial transduction levels at high dilution of the 
virus stock are extremely low (about 3%) at Day 3, but 
expression in the culture rapidly increased over time, as 
seen by the shifted peak of mean fluorescence, so that by 
Day 8 almost 100% of the culture is now expressing GFP 
(Figure 4) . Thus, this indicates that transgene 
expression is not lost as the RCR vector spreads through 
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the cell culture, and in fact the transgene is efficiently 
delivered to practically all of the cells even with low 
initial transduction levels (Figure 5 and 6) . 

Example 2: Construction of RCR vect ors targeted to human 
breast cancer cells 

Chimeric MoMLV and SNV env sequences which contain 
targeting moieties directed against human breast cancer 
cells, and which have proven successful for targeting in 
previous studies, were utilized. The targeting moiety for 
MoMLV env was the peptide hormone heregulin, and the 
targeting moiety for SNV env was the single chain antibody 

B6.2, originally derived by immunizing mice with a 
membrane -enriched fraction from a human breast tumor. 
Using an IRES sequence, either a marker gene (such as GFP) 
or a suicide gene (such as HSV-tk or PNP) is linked to the 
chimeric envelope construct at the 3' end. These chimeric 
envelope/ IRES /transgene constructs are then recloned back 
into the replication-competent wild type forms of MoMLV or 
SNV, replacing the original env gene (Figure 2b) . This 
results in replication-competent retrovirus vectors that 
are targeted specifically to cancer cells. 

Tumors were established by the injection of 1.5 x 10 6 NMU 
rat breast adenocarcinoma cells subcutaneous ly into the 
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anterior flanks of 6-week-old nu/nu BALB/c mice (Simonsen 
Laboratories) . Four weeks later, the tumors had grown to 
100-150 mm 3 , at which time they were injected with 80 \xl 
of supernatant from glZD-GFP infected NIH3T3 cells, 
containing 1 x 10 4 PFU vector. At regular intervals 
thereafter, subsets of the mice were sacrificed, and their 
tumors were surgically removed. To produce single-cell 
suspensions, the entire mass of each tumor was finely 
minced and incubated for one hour at 37 °C in five volumes 
of Hank's balanced salt solution (HBSS) containing 100 
U/ml collagenase IV. The dispersed cells were then washed 
and resuspended in PBS for flow cytometric analysis. 

Although Kasahara et al . (Science, 266:1373-1376 (1994)) 
and Chu et al. (Journal of Virology, 69:2659-2663 (1995)) 
have found that the co-expression of wild-type MoMLV 
envelope is usually required for proper processing and 
transport of chimeric MoMLV envelope constructs to the 
surface of the producer cells, and possible also for 
proper function during entry, some groups have been able 
to encoat virions with chimeric envelope alone by 
inserting the ligand sequence into the extreme amino - 
terminus of the MoMLV envelope. The strategy was used for 
construction of the heregulin/MoMLV envelope to be used in 
the replication-competent vectors. Furthermore, although 
MoMLV is the standard retrovirus used in most gene therapy 
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protocols, SNV is advantageous for targeting due to the 
following characteristics: 1) its maximum packaging 
capacity is larger than that of MoMLV and may thus 
tolerate the additional sequences and genes without 
drastic loss of titer, 2) the SNV envelope has been found 
to be extremely stable, tolerating major truncations 
without loss of the ability to assemble properly on the 
packaging cell surface and it has been shown the chimeric 
SNV en lope constructs contain exogenous ligand sequences 
can be expressed without the need for wild type SNV 
envelope, and 3) wild type SNV is considered to be 
completely non-pathogenic for humans (Bacus et al . , Am. J. 

Clin. Pathol., 102:S13-24 (1994)). 

Example 3 : Creation of RCR vector-prod ucing cell lines 
The above MoMLV and SNV genomic constructs are transfected 
into human breast cancer cell line MD-MB-453 (ATCC 
accession umber HTB 131) , which expresses high levels of 
HER -2 and HER -4 (Krause et al . , EMBO Journal, 6:605-610 
(1987)) . The constructs which contain the GFP marker gene 
are transfected first, as the presence of the marker gene 
enables us to monitor the transfection efficiency by FACS 
analysis. After transfection, the targeted RCR vectors 
produced by the primary transf ectants are capable of 
horizontal infection of adjacent cells not initially 
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transfected, by biding via the heregulin or B6.2 single- 
chain antibody moieties. This can be detected as an 
increasing percentage of GFP-positive cells over time. 
Furthermore, the cell culture medium should contain 
supernatant virus, which can infect and transduce fresh 
cultures of MDA-MB-453 cells. The GFP-containing vectors 
thus enable one to determine the time course of 
transfection and infection events, and rate of virus 
spread through the human breast cancer cell culture. 
Based on this information, similar studies are performed 
with the HSV-tk- and PNP-containing vectors, and in this 
case transduction is monitored by Southern blot or 
quantitative PCR for integrated vector sequences. The 
HSV-tk and PNP transgenes are also functionally tested by 
determining whether sensitivity had been conferred to the 
prodrugs ganciclovir and 6 -methyl purine -deoxyriboside, 
respectively. 

Example 4: Testing of tissue specificity of the virus in 
culture 

Cell culture medium from virus -producing MDA-MB-453 cells 
is used to infect a variety of human target cells, in 
order to ascertain the tissue-specificity of the virus 
vectors. As negative control virus, the target cells are 
exposed to wild type ecotropic MoMLV or SNV vectors 
containing the GFP marker gene, and as positive control 
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virus, the target cells are infected with an amphotropic 
MoMLV vector containing GFP. 

The target cells again are the human breast cancer cell 
line MDA-MB-453, which as noted above over expresses both 
HER -2 and HER- 4 , and as a negative control cell line, the 
human breast cancer cell line MDA-MB-231 (ATCC accession 
number HTB 26) , which does not express any detectable HER- 
2 or HER -4 is used. No background infect ivity is seen 
with the wild type ecotropic MoMLV or SNV vector controls; 
thus successful infection by the chimeric vectors depends 
on specific interaction between the heregulin or B6.2 
single-chain antibody targeting moieties in the virus 
envelope and their corresponding receptor or antigen on 
the target cells. Other human breast cancer cell lines 
that are used as targets include BT474 (which over 
expresses both HER- 2 and HER-4) and MCF7 (which only 
expresses HER-4) . In addition, negative control cell 
lines which are of human origin but not derived from 
mammary epithelium are used to further test tissue- 
specificity of invention. 

As noted above, infected cells are examiner by FACS 
analysis for GFP expression, or tested for transduction of 
HSV-tk or PNP by Southern blot or quantitative PCR and by 
exposure to ganciclovir or 6-methyl purine - deoxyribos ide . 
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Example 5: Targeting of RCRV's bv incorporation of tissue- 
specific promoter elements 

Retroviral tropism can be re-directed by altering the 
transcriptional activity of the virus through replacement 
of regions of the viral long terminal repeat (LTR) with 
cell-specific promoter elements. This strategy has been 
used by other groups to target retroviral transcription to 
particular tumor cell types. 

The MoMLV proviral LTR sequences consist of 3 distinct 
regions, designated U3 , R, and U4, which are repeated at 
each end of the genome. The promoter elements that 
control transcription of the RNA genome and therefore 
replication of the virus, reside in the U3 region. The R 
region contains the start site of transcription, and 
therefore the upstream U3 region is not included in the 
genomic RNA transcript. However, the transcript reads 
through to the U3 sequence into the 3 ! LTR, which also 
contains polyadenylation signals, and the 3' LTR U3 region 
is re-duplicated at the 5 r end during the process of 
reverse transcription. Thus, for alterations in the LTR 
promoter to be permanent over serial cycles of 
replication, the alterations is incorporated into the U3 
region of the 3 ' LTR. 
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In the present invention tissue specific elements are 
incorporated in the LTR 3 f U3 region in order to target 
RCR vector replication. As a practical example, 
transcription targeting to prostate cancer cells is shown. 
Using the specificity of trans-activating prostate- 
specific elements which interact with cis-acting promoter 
sequences (androgen response elements) investigators have 
been able to achieve tissue-specific transgenic targeting 
of oncogenic proteins (Greenberg et al . , Proc Natl. Acad. 

Sci. USA, 92:3439-43 (1995); and Garabedian et al . , Proc. 

Natl. Acad. Sci USA, 95:15382-7 (1998)). One of the most 

well-characterized proteins uniquely produced by the 
prostate and regulated by promoter sequences responding to 
prostate-specific signals, is the rat probasin protein. 
Study of the probasin promoter region has identified 
tissue-specific transcriptional regulation sites, and has 
yielded a useful promoter sequence for tissue- specif ic 
gene expression. The probasin promoter sequence 
containing bases -426 to +28 of the 5' untranslated 
region, has been extensively studied in CAT reporter gene 
assays (Rennie et al., Mol Endo, 7:23-36 (1993)). 

Prostate- specif ic expression in transgenic mouse models 
using the probasin promoter has been reported (Greenberg 
et al., Mol Endo, 8:230-9 (1994)). Gene expression levels 

in these models parallel the sexual maturation of the 
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animals with 70 fold increased gene expression found at 
the time of puberty (2-6 weeks) . Castration of the 
animals will drop gene expression to near zero which can 
be increased to pre -castrate levels following the 
parenteral administration of testosterone. The probasin 
promoter (-426 to +28) has been used to establish the 
prostate cancer transgenic mouse model that uses the fused 
probasin promoter- simian virus 40 large T antigen gene for 
targeted over expression in the prostate of stable 
transgenic lines (Greenberg et al., Proc Natl. Acad. Sci. 

USA, 92:3439-43 (1995)). Thus, this region of the 

probasin promoter is incorporated into the 3' LTR U3 
region of the RCR vectors. Thus providing a replication- 
competent MoMLV vector targeted by tissue- specif ic 
promoter elements. 

Example 6: Incorporation of prostate-spe cific promoter 
elements in to the RCRV LTR 

A fragment of the rat probasin androgen- sensitive promoter 
(from -42 6 to +28) that has been shown to specify 
prostate-specific gene expression has been engineered into 
the U3 region of the retroviral 3' LTR in both ecotropic 
and amphotropic RCR vectors. The 5' end of the U3 region 
is recognized by viral integrase protein and so overlap 
extension PCR was used to precisely place the probasin 
promoter just downstream of the beginning of the U3 region 
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in the 3' LTR, replacing the rest of the U3 sequence up to 
the R region. Since it is initially placed downstream, 
this modified U3 region will not be operative upon 
transfection of the provirus construct into 293 cells and 
production of the vector transcript will proceed normally, 
but after a single round of replication the probasin 
sequence will be re-duplicated in the U3 region of the 5 f 
LTR (Figure 8) , and thereafter should specify prostate 
cell-specific replication of the virus. Probasin-targeted 
RCR vectors have been constructed containing the EMCV 
IRES-GFP marker gene cassette; in this case the U3 region 
in the 5' LTR of glZD-GFP was first replaced with a CMV 
promoter (clZD-GFP) to remove the Nhe I site in the 5 ! LTR 
(and also to enhance expression and titers after initial 
transfection in 2 93 cells) , so that the Nhe I site in the 
3 f LTR is now unique, and can be used to insert the 
probasin promoter fragment (Figure 9A: replacement of the 
3 ! U3 region with the probasin promoter by overlap 
extension PCR; Figure 9B : sequence of the 3' LTR in 
plZD-GFP, showing the probasin promoter/R region joint) . 
It should be noted in this context that, although 
insertions of non-essential transgenes in the U3 region 
are indeed prone to deletion, the probasin promoter in 
this case will completely replace the wild type promoter 
elements in the viral LTR, therefore deletions of the 
probasin promoter would simply result in a virus that is 
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unable to replicate, thus there would be selection 
pressure against such deletions. To the inventors 1 
knowledge this would represent the first example of a 
replicating retroviral vector controlled by 
transcriptional regulation. 

A fragment of the rat probasin androgen- sensitive promoter 
was constructed by polymerase chain reaction (PCR) 
amplification from genomic DNA using primers 
ATCCACAGTTCAGGTTCAATGGCG and CTGCTACCTTCTTTTTGA 
GATTCTTGTCTGTCATCATACTGG . As discussed above, this is the 
same promoter fragment (from -426 to +28) that specifies 
prostate-specific oncogene expression in the probasin-SV40 
T antigen transgenic mouse. A Nhel-Sfil linker sequence 

was added to the 5' primer while an Aflll site was added 

to the 3' end of the 3' primer. This PCR product was. 
inserted into the pcDNA3 . 1+expression plasmid (Invitrogen) 
following a NheX-Aflll digestion. The presence of the 

probasin insert was confirmed by restriction digest with 
Nhel-Aflll to isolated the 550 bp fragment. 

This probasin promoter sequence is engineered into the U3 
region of the retroviral 3 1 LTR by overlap extension PCR in 
both gIZD-GFP and gIZA-GFP and also in the GIZD and gIZA 
vector constructs that contain the PNP or HSV-tk 



-70- 



06666/125001 

therapeutic genes. The 5 1 end of the U3 region is 
recognized by the viral integrase protein and so overlap 
extension PCR will be used to precisely place the probasin 
promoter just downstream of the beginning of the U3 region 
5 in the 3 ' LTR, replacing the rest of the U3 sequence up to 

the R region. This modified U3 will not be operative upon 
initial transection of the RCR vector construct into 293 
cells, but after one round of replication the probasin 
sequence will be re-duplicated in the U3 region of the 5 1 
10 LTR, and thereafter should specify prostate cell-specific 
replication of the virus. The construct is transfected 
into 293 cells, and the supernatant harvested to test the 
cell type-specificity of viral replication, as described 
below. 

15 Example 7: Testing the tissue specificity of the 
transcriptionally targeted RCRV in culture: 
In order to confirm that the 43 0 -bp probasin promoter 
would still be capable of prostate-specific, 
androgen- inducible expression after being incorporated 

20 into the retroviral long terminal repeat (LTR) , this 
hybrid promoter was constructed and used to drive 
expression of a lucif erase reporter gene. As shown in 
Figure 10, this construct was tested in both prostatic and 
non-prostatic cell lines, in the presence and absence of 

25 androgen stimulation. A representative set of results is 
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shown in Figure 11; the results confirm that the 
probasin-LTR hybrid promoter is active with androgen 
stimulation only in prostate cell lines, whereas 
non-prostatic cell lines show little activity even in the 
presence of androgen stimulation. Similar results were 
obtained with the other cell lines tested. 

The probasin-LTR hybrid promoter was then incorporated 
into RCR vectors carrying the green fluorescent protein 
(GFP) marker gene, by replacement of the 3' LTR so that 
probasin-driven expression would occur only after one 
round of reverse transcription and re-duplication of the 
3 1 LTR at the 5 1 end. As shown in Figure 12, virus 
preparations were generated from these constructs by 
harvesting the supernatant medium 48-72 hours after 
transient transfection of 293T cells. These virus 
preparations were filtered to exclude cell debris, and 
then used to infect murine prostate cancer (TRAMP-C) cell 
lines. GFP expression in the infected TRAMP-C cells was 
examined by fluorescence-activated cell sorter (FACS) 
analysis in the presence and absence of androgen 
stimulation. As shown in Figure 13, a shift in 
fluorescence indicating expression of the GFP marker gene 
occurred in the infected prostate cells only upon androgen 
stimulation. 
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In addition, the genomic constructs were used for 
infection of the human prostate cancer cell line LnCaP, 
which expresses high levels of the prostate-specific 
membrane antigen (PSMA) and supports high level expression 
of the probasin promoter. The RCR vectors which contain 
the GFP marker gene were used for infection first, as the 
presence of the marker gene will enable one to monitor the 
transduction efficiency by FACS analysis. After initial 
transduction, the targeted RCR vectors produced by the 
primary transf ectants are capable of horizontal infection 
of adjacent cells not initially transfected. This is 
detected as an increasing percentage of GFP-positive cells 
over time. Furthermore, the cell culture medium will 
contain supernatant virus, which can infect and transduce 
fresh cultures of LnCaP cells. The GFP-containing vectors 
thus enabled determination of the time course of 
transfection and infection events and rate of virus spread 
through the prostate cancer cell culture. Based on this 
information, similar studies are performed with the HSV- 
tk-and PNP- containing suicide gene vectors, and in this 
case transduction is monitored by Southern blot or 
quantitative PCR for integrated vector sequences. The 
HSV-tk and PNP transgenes are also functionally tested by 
determining whether sensitivity is conferred to the 
prodrugs ganciclovir and 6-methylpurine-deoxyriboside, 
respectively. 
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Targeted RCR vectors are also used to infect a variety of 
non-prostatic target cells, in order to confirm the 
tissue-specificity of the virus vectors. As a control 
virus, the target cells are exposed to wild- type ecotropic 
or amphotropic MoMLV vectors containing the GFP marker 
gene . 

Example 8: Transduction of prostate tumors in vivo: 

To study in vivo transduction a number of models are 

available that mimic the various clinical aspects of 
prostate cancer and include spontaneous rodent models, 
human xenograft systems using immunocompromised murine 
hosts and murine transgenic models. The Dunning R-3327 
rodent model for adenocarcinoma of the prostate involves 
the use of subcutaneously implanted tumors in Copenhagen 
rats (Dunning, W. , Natl. Cancer Inst., 12:p351 (1963)). 

This model allows the study of androgen independent 
progression and the process of metastasis formation using 
the MAT-Lylu or MAT-lu sublines (Smolev et al., Cancer 

Treat. Rep., 61, 273 (1977)). 

In addition, the successful development of transgenic 
animal models that are capable of the spontaneous 
development of prostate cancers that resemble human 
adenocarcinomas have relied on the tissue-specific 



-74- 



06666/125001 

transgene expression. In particular, the probasin promoter 
driving the SV40 T-antigen has been used to establish a 
prostate cancer transgenic mouse model. This well worked 
out model demonstrates spontaneous prostate tumors 
histologically similar to those that develop in humans, 
although it lacks the underlying hormonal basis thought o 
play a central role in prostate tumor initiations. The in 

vivo efficacy of the transcriptionally targeted RCRV's can 

be shown using this model. 

Male transgenic mice at puberty are monitored of the 
development of prostate tumors. The tumors are injected 
with the targeted replication-competent MoMLV or SNV 
vectors carrying GFP or with negative and positive control 
virus preparations, and transduction assessed after 
another two weeks. At that time, the animals are 
sacrificed and the tumors harvested. Tissue samples from 
tumors exposed to viral vectors carrying the GFP gene are 
snap frozen in liquid nitrogen and frozen sections 
examined histologically under UV fluorescence microscopy. 
Based on these results, similar experiments are performed 
using ht targeted RCR vectors carrying HSV-tk or PNP. In 
this case, tow weeks after the xenografts are exposed to 
viral vectors carrying the HSV-tk or PNP gene, ganciclovir 
or 6 -methyl purine -deoxyriboside is administered to the 
animals and the extent of shrinkage of the tumors 
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assessed. Control groups are left untreated as a control 
for tumor growth. 

Increased transduction efficiency by the use of target- 
restricted, replication-competent retroviral vectors would 
represent a significant improvement in vector design. As 
the initially infected tumors cells in turn produce more 
virus, this strategy takes advantage of the amplification 
process inherent in the wild-type virus life cycle. 
Targeting the retrovirus specifically and exclusively to 
tumors cells limits and controls the replicative process, 
and the use of normally non-pathogenic viruses as the 
basis for these vectors, as well as the incorporation of 
suicide gene in the vectors as a "self-destruct" 
mechanism, provide further safeguards which minimize the 
risk to normal cells. 

Example 9: Intra-tumoral spread of the RCRV's in breast 
cancer model 

The in vivo application of replication-competent MoMLV 

vectors by intra-tumoral injection into solid tumors 
derived from rat NMU cells (nitrosomethylurea- induced 
breast cancer) in a nude mouse subcutaneous xenograft 
model was also performed. NMU cells are known to be 
tumorigenic in nude mice. Nude mice were anesthetized and 
a subcutaneous injection of 2 x 10 6 NMU cells in PBS 
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suspension was performed to establish tumors. The tumors 
were allowed to grow to approximately 1 cm in diameter 
over a period of 4 weeks, at which point the glZD-GFP RCR 
vector was administered by intra -tumoral injection of 100 
111 of the vector preparation. 

The titer of the glZD-GFP vector preparation was 10 5 /nil 
titer by XC cell syncytia assay, therefore this 
constitutes a total inoculum of only 10 4 infectious units 
of virus. In this instance, taking into account the tumor 
growth and cell division following initial establishment, 
a conservative estimate of the multiplicity of infection 
(MOD would be on the order of at least 0.001 (and perhaps 
more likely to be on the order of 0.0001) . Thus the 
initial transduction efficiency would be expected to be as 
low as, or lower than, 0.1%. Again, this initial inoculum 
of virus supernatant is comparable to the low transduction 
efficiencies obtained in the clinical trials using 
intra- tumoral injection of PA317 packaging cell lines to 
transduce glioblastoma. 

Tumors were allowed to grow for various intervals after 
vector injection, and a set of mice was sacrificed and the 
tumors were harvested at 2 week, 4 week, and 6 week time 
points post -inject ion. After tumor harvest, the tumors 
were sectioned and some tumor samples were immediately 
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frozen for subsequent isolation of genomic DNA and 
Southern blot analysis. The other tumor samples were 
minced, immediately treated with collagenase for 3-4 hours 
to disaggregate the tumor cells while still viable, washed 
5 and resuspended in PBS, and examined by FACS analysis the 

same afternoon. Thus horizontal spread of the virus 
vector after disaggregation of the tumor cells is unlikely 
to have affected the results, as there was not enough time 
elapsed for retroviral entry, integration, and GFP 

M. 10 transgene expression to have occurred prior to FACS 

p analysis . 

y ; The results are shown in Figure 7: although at the 2 week 

time point, only a small percentage of cells initially 
y' appear to show a shift in fluorescence, highly efficient 

15 gene transfer throughout the entire tumor is evidenced by 

|ri FACS analysis of disaggregated tumor cells 4-6 weeks after 

!TH ': '* 

1 -rr 

injection of the initial inoculum. Intact, full-length 
genomic bands were detected in Southern blots of proviral 
DNA isolated from individual tumors at the 4 and 6 week 
20 time points. This indicates that the RCR vector was 

capable of efficient replication and gene delivery in the 
context of solid tumors in vivo without deletions 
occurring during this time interval, and provides an 
illustrative example of the potential power of this 
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strategy for cancer gene therapy, especially considering 
the extremely low MOI of the initial inoculum. 

Example 10: IRES sequence variations 

As described above, vectors were constructed varying the 
size of the viral genome. By using IRES sequences shorter 
than the EMCV IRES present in the constructs above, it may 
be possible to insert transgenes larger than GFP or large 
cell type-specific targeting sequences. Two new vectors 
were constructed using IRES sequences from the BiP (Yang 
and Sarnow, 1997) and VEGF (Stein et al . , 1998) genes 

(Figure 14) . The BiP IRES -containing vector, ZB-GFP, and 
the VEGF IRES -containing vector, ZV-GFP, are 450 bp and 
380 bp shorter than glZD-GFP, respectively. Infection of 
NIH3T3 cells by the vectors demonstrated that both 
efficiently transduce cells and express GFP, although 
transgene expression levels are somewhat lower than with 
glZD-GFP (Figure 15) . The ability of ZB-GFP and ZV-GFP to 
retain their IRES-GFP sequences through vector spread was 
determined by conducting serial infections of NIH3T3 cells 
with the vectors. Proviral (Hirt) DNA was prepared from 
13 serially infected NIH3T3 populations and was subjected 
to Southern analysis using a probe for the LTR-gag region 
of Mo-MLV. Figure 16 shows that the IRES-GFP sequences of 
both of the new vectors were retained for approximately 
the same number of serial infections as that of ZAPd-GFP. 
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This indicated that a reduction in the size of the IRES in 
these vectors does not significantly alter vector 
stability, but may allow the insertion of transgenes 
larger than GFP. 

Example 11: RCR vectors targeted to breast tumor cells 
using two types of modification to the envelope protein 
In order to obtain RCR vectors targeted to breast tumor 
cells, vectors were constructed containing modifications 
in the envelope gene that would allow specific binding of 
vector particles to proteins expressed on the surface of 
breast tumor cells. Two approaches in targeting the 
vectors were used. The first approach involves insertion 
of sequences encoding the IgG-binding domain ("Z domain," 
Nilsson et al., 1987) of the S. aureus protein A into the 

proline -rich region (PRR, or "hinge") of the envelope gene 
(Figure 17) . The presence of the Z domain on the vector 
surface would allow the binding of tumor- specific 
antibodies to the vector and would therefore presumably 
allow specific binding of the vector to tumor cells via 
the antibody. The second approach involves the 
replacement of the wild type receptor binding domain (RBD) 
of the envelope with sequences encoding a single-chain 
antibody (scFv) against HER2 (kindly provided by Drs. 
Michael Press and Jinha Park) , (Figure 18) . This 
modification is expected to ablate binding of the vector 
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to its normal receptor while allowing direct binding to 
HER2 -expressing tumor cells. 

Example 12: The RCR vector spreads through solid tumors 
and achieves highly efficient gene transfer in vivo 
The ability of ZD-GFP to transmit its transgene in vitro 
through multiple serially infected cultures indicated that 
this vector will be able to spread within solid tumors in 
vivo and mediate transfer of the transgene into large 
numbers of tumor cells. This would represent a 
significant improvement over conventional nonreplicating 
retroviral vectors, which have consistently displayed a 
very low transduction efficiency in vivo. 

In order to examine the ability of ZD-GFP to achieve 
efficient gene delivery in tumors, the vector was injected 
into pre-established mammary cancer xenografts in nude 
mice. Tumors were established by subcutaneous injection 
of 2 x 10 6 NMU rat mammary carcinoma cells; after 4 weeks, 
the tumors had reached volumes of 1.0-1.5 cm 3 , and were 
injected with 6 x 10 3 pfu ZD-GFP (Figure 19) . Balb/c nude 
mice were injected subcutaneously in both flanks with 2 x 
10 6 NMU tumor cells. After the resulting tumors had 
reached a size of 1-1.5 cm 3 they were directly injected 
with 6 x 10 3 PFU of ZD-GFP. At 12, 22, 37, and 49 days 
after vector injection, tumors were removed from subsets 
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of the mice and were analyzed for virus spread by flow 
cytometry, Southern blot hybridization, and 
immunohistochemistry . 

Following dissociation of the tumors into single-cell 
suspensions, the tumor cells were analyzed by flow 
cytometry for GFP expression (Figure 20) . Tumors removed 
at 12, 22, 37, and 49 days following vector injection were 
dissociated into single-cell suspensions and analyzed for 
GFP fluorescence by flow cytometry using FL1. Shaded 
histograms represent tumors injected with ZD-GFP, and open 
histograms represent untreated tumors (Figure 20) . 

The first tumor harvest revealed minimal transduction in 
three out of four of the tumors examined. One of the four 
tumors examined, however, exhibited a moderate 
transduction level, with approximately 8% of its 
constituent cells expressing the GFP transgene. By day 
22, the number of tumor cells infected with the virus had 
greatly increased. All four of the tumors removed from 
the mice at this time showed significant levels of 
infection, averaging approximately one-third of the cell 
population. Comparable increases in transduction levels 
occurred by the two subsequent tumor harvests, on the 37th 
and 4 9th days after injection of the vector. By the 49th 
day, the average transduction level was approximately 75%, 
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with some tumors showing transduction levels approaching 
100%. 

Tumors removed at 22 and 49 days after vector injection 
were stained using a monoclonal antibody to GFP and 
counter- stained with hematoxylin (Figure 21) . The upper 
left panel shows tumor removed 22 days after vector 
injection. The upper right and lower left panels show 
tumors removed at 4 9 days. Open arrows indicate 
transduced fibroblasts and closed arrows indicate 
transduced endothelial cells. The lower right panel is a 
negative control tumor removed 49 days after vector 
injection. Each panel represents a different mouse. 
(Original magnification: Upper left and lower right, 3 00; 
Upper right, 400; Lower left, 6) . 

The data show that while tumors removed at the earlier 
time point revealed patchy staining for GFP, with clusters 
of transduced cells adjacent to clusters of untransduced 
cells (Fig. 21, upper left panel) , low magnification views 
of tumor tissue taken at the later time point demonstrate 
highly efficient transduction throughout the tumor mass 
(Fig. 21, lower left panel) . The latter samples show 
intense staining in almost every tumor cell, as well as 
distinct staining in fibroblasts and some endothelial 
cells (Fig. 21, upper right panel) . 
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Example 13: The full-length RCR vector genome is retained 
during prolonged replication in vivo 

To confirm that integrated vector provirus was present in 
the tumor cells and that the GFP transgene had been 
transmitted as part of the intact vector, a Southern 
analysis was performed on genomic DNA from tumors removed 
at 12 and 37 days after vector injection. Ten micrograms 
of DNA from each tumor was digested to completion with 
Nhel. After blotting onto a nylon membrane, the fragments 
were hybridized to a random-primed radiolabeled probe for 
the GFP transgene sequence (Figure 22A) or the MLV LTR-gag 
sequence (Figure 22B) . Lanes: V, 30 pg of glZD-GFP plasmid 
DNA digested with Nhel; P, DNA from tumor originating from 
cells that were infected with ZD-GFP prior to their 
injection into mouse; 1 and 2, DNA from tumors removed 12 
days after vector injection; 3, 4, and 5, DNA from tumors 
removed 37 days after vector injection; N, negative 
control tumor injected with virus-free supernatant. The 
top band is full-length ZD-GFP while the bottom 
band is a nonspecific hybridization signal which is also 
present in negative control tumor. 

The results indicate that the only bands detected by the 
GFP probe were the size expected for full-length ZD-GFP 
(Figure 22A) , demonstrating the presence of integrated 
vector and that the high level transduction shown by FACS 



-84- 



06666/125001 

analysis and immunohistochemistry was the result of the 
transmission of the GFP transgene by intact ZD-GFP. The 
MLV LTR-gag probe also hybridized to the full-length 
ZD-GFP band, as well as a smaller band that is likely to 
represent an endogenous provirus present in the NMU cell 
line or the BALB/c genome, as the same band is present in 
genomic DNA from the untransduced negative control tumors 
(Figure 22B) . These results suggest that the transmission 
of the GFP transgene through the tumors during the course 
of the 37 days was mediated primarily or exclusively by 
the intact vector, and that deletion variants, if present, 
occurred only at levels undetectable in our analysis. 

Example 14: Extratumoral RCR vector spread is 
undetectable 

In order to detect any spread of ZD-GFP outside the tumors 
that might have occurred, a variety of extratumoral 
tissues including spleen, lung, kidney, liver, and heart 
were harvested at the time of autopsy. High molecular 
weight DNA was harvested from each of these tissues and 
was used, along with DNA extracted from tumors, for PCR 
with primers specific for the GFP transgene. Figure 23 
shows an analysis of extratumoral spread of ZD-GFP by PCR 
amplification of GFP transgene from genomic DNA. The 
sensitivity of the assay was determined by 
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amplification using a series of 4-fold serial dilutions of 
glZD-GFP as template in the presence of untransduced 
genomic DNA (Figure 23, top). Six hundred nanograms of 
DNA, extracted from tumors and various extratumoral 
tissues at the time of autopsy, was used in PGR analysis 
for the GFP transgene (middle) . Shown are results with 
tissues taken from mice 4 9 days after injection of tumors 
with vector. Expected size of full-length amplification 
product is 73 0 base pairs. A 500 -bp region of the mouse 
b-casein gene was amplified from the same samples as an 
internal control (Figure 23, bottom) . 

Amplification of serial dilutions of glZD-GFP plasmid 
demonstrated that this assay could detect as few as 14 0 
copies of GFP in a background of approximately 100,000 
equivalents (600 ng) of untransduced genomic DNA, 
representing an overall transduction level of about 0.14%. 
Figure 23 shows the results of PCR using samples taken 
from mice sacrificed 49 days after vector injections. DNA 
from the tumor injected with vector revealed the presence 
of the full-length GFP transgene, but none of the 
non-tumor tissues nor the mock-treated tumor sample 
exhibited amplification. This unexpected result was also 
obtained upon examination of tissues harvested from 
animals sacrificed at earlier time points. These results 
suggest that extratumoral spread of the vector originating 
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from a total initial inoculum of 6 x 10 3 pfu was minimal 
over the time course of these experiments. 

The present data clearly demonstrates the superiority of 
replication-competent retroviral vectors over defective 
retroviral vectors for transduction of tumor cells in 
vivo. A large majority of previous studies using standard 
replication-defective MLV vectors for transduction of 
tumor cells in vivo reported efficiencies of less than 
10%, despite the use of large doses of vector or vector 
packaging cells, vector injection at multiple time points, 
or simultaneous injection of tumor and packaging cells. 
In contrast, injection of tumors with glZD-GFP resulted in 
an average of 75% transduction efficiency after 49 days of 
spread. The reasons for the high levels of gene transfer 
achieved by the vector are probably multiple. For many 
viruses, cell-to-cell spread is known to be much more 
efficient than infection by cell -free virus and only 
cell-free transduction is possible with injection of a 
standard nonreplicating vector. Furthermore, since MLV 
can infect only mitotically active cells, and the 
half -life of virion particles (5-8 hr) is much shorter 
than the average cell cycle time of most human tumors (3-6 
days) , continuous release of replicating vector from 
infected cells also increases the likelihood that 
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additional target cells will undergo division and thereby 
become infected. 

The present data further provides vector dosage guidelines 
for treating tumors of larger size, such as those that 
occur in larger animals, including humans. The present 
studies indicate that a dose of 6 x 10 3 pfu of ZD-GFP in 
tumors of 1.0-1.5 cm 3 volume consistently resulted in 
transduction of the majority of cells in the tumor after 
49 days of spread. Larger carcinomas are expected to be 
transduced with similar efficiency following the injection 
of a correspondingly larger overall dose of vector, given 
that approximately each 1.5 cm 3 of the tumor is injected 
with about 6 x 10 3 pfu of vector. 

Example 15: Construction of a replication-competent 
vector capable of transducing human cells 

In order to expand the infectivity of the glZD-GFP vector 
to include human cells, we replaced the envelope of the 
vector, using overlap-extension PCR with the amphotropic 
envelope of the 4070A murine leukemia virus, generating 
the plasmid pACE-GFP, shown in Figure 24B. The 4070A 
sequence was obtained from plasmid pHITSO. 

Example 16: Targeting of the virus to prostate cells 
Although the results of PCR amplification on extratumoral 
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tissues described above showed no spread of virus beyond 
the tumor itself, the use of a replication- competent 
vector as a therapeutic agent would not be acceptable 
unless there were additional means to ensure that 
replication occur exclusively in targeted tissues. In 
order to examine the possibilty of restricting vector 
spread by transcriptional targeting, the promiscuous MLV 
enhancer /promoter of pACE-GFP was substituted with 
sequences from the rat probasin promoter, which is 
transcriptionally active only in prostate epithelial and 
prostate carcinoma cells. The promoter used was a 
synthetic form of the probasin promoter, called ARR2 Pb , 
which contains duplicate copies of the androgen- responsive 
region of the wild- type probasin promoter (Figure 24A) . 

The MLV enhancer/promoter lies within the U3 region of the 
LTR. We replaced all of the 3' U3 region between the Nhel 
site and the TATA box with ARR2 Pb , generating plasmid 
pACE-GFP-At. We modified the 3 1 U3 of the vector rather 
than the 5 1 U3 because the 3 f copy serves as the template 
in formation of both the 5 1 and 3 1 copies during 
subsequent reverse transcription, as depicted in Figure 25 

Example 17: The prostate-targeted vector replicates 
efficiently in prostate-derived cells but not in 
non-prostate cells 
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The cell type-specificity of the replication of ACE-GFP 
and ACE-GFP -At was assessed by infection of cultured cells 
from a variety of tissues. Figure 26 shows the results 
derived from infections of LNCaP human prostate carcinoma 
cells- GFP expression in infected cells was determined by 
flow cytometric analysis at the indicated time points 
after inoculation with vector. The vertical axis 
represents cell number and the horizontal axis represents 
fluorescence intensity (Figures 26 and 27) . Both the 
targeted and untargeted vectors replicate efficiently in 
these cells. In contrast, infection of the human cervical 
carcinoma cell line HeLa with ACE-GFP and ACE -GFP -At 
results in no evidence of replication by the 
prostate-targeted vector, but very efficient replication 
by the untargeted vector (Figure 27) . These results 
demonstrate that spread of replication-competent 
retroviral vector may be controlled in a cell 
type- specif ic manner by the replacement of the viral 
transcriptional control region by a cell type-specific 
promoter without significant loss in the replication 
efficiency of the vector. 

Example 18: Construction of prostate-targeted vector 
encoding suicide gene 

As part of a strategy for the specific killing of tumor 
cells using the replicating vector, the GFP marker gene of 
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pACE-GFP and pACE-GFP-At was replaced with a "suicide" 
gene encoding purine nucleoside phosphorylase (PNP) 
(Figure 28A) . The resulting vectors were named pACE-PNP 
and pACE-PNP-At, respectively. PNP can convert the 
nontoxic prodrug 6-methylpurine deoxyriboside (MPDR) into 
the highly cytotoxic 6-methylpurine. When cells 
expressing PNP are exposed to MPDR, activity of the 
enzyme results in the intracellular conversion of the MPDR 
into 6-methylpurine, and leads to death of the cells. In 
the absence of PNP, the prodrug is not converted, and no 
cytotoxicity results. The expression of this suicide gene 
from the prostate-targeted replicating vector might allow 
the specific and efficient transduction and killing of 
prostate tumors, without concomitant damage to normal, 
nonprostatic cells in cases of prostate cancer. 

Example 19: Prostate-targeted vector encoding PNP can 
efficiently and specifically kill prostate carcinoma cells 
in the presence of MPDR 

LNCaP prostate and HeLa cervical carcinoma cell cultures 
were infected with ACE-GFP, ACE-PNP, and ACE-PNP-At and 
cultivated the cells for 10 days to allow the vectors to 
spread. At day 10 post -infect ion, The medium on the 
culture was changed to media containing MPDR at 10uM or 
80uM concentration. Two days later, the cells were washed 
and stained with Giemsa to visualize remaining viable 
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cells. As shown in Figure 28B, LNCaPs infected by either 
the targeted (ACE -PNP -At) or untargeted (ACE -PNP) vector 
encoding PNP were killed by the MPDR, while 
ACE-GFP- infected and mock-inf ected cells were not 
affected. In contrast, among the HeLa cultures, only 
those infected with ACE-PNP were killed by MPDR. The 
prostate-specific promoter in ACE-PNP-At was not active 
enough HeLa cells to express adequate levels of PNP to 
cause cytotoxicity. These results clearly demonstrate 
that the replicative specificity observed with the 
prostate-targeted GFP-encoding replicating vector can be 
extended into efficient prostate-specific cell-killing 
using the appropriate transgene. 

Although the invention has been described with reference 
to the presently preferred embodiment, it should be 
understood that various modifications can be made without 
departing from the spirit of the invention. Accordingly, 
the invention is limited only by the following claims. 
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